Py —.
¥

AD-A200 600

K MC FILE COPY

EARTHQUAKE RESISTANT SUBMARINE DRYDOCK BLOCK SYSTEM DESIGN
by
LIEUTENANT JAMES KENNETH LUCHS., Jr. U.S. NAVY

B.S. Mechanical Engineering
Cornell University (1979)

SUBMITTED TO THE DEPARTMENT OF OCEAN ENGINEERING
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS [:)-I-‘<:::

FOR THE DEGREES OF
CLECTEER
NOV 2 5 1988 é

NAVAL ENGINEER
and
MASTER OF SCIENCE IN MECHANICAL ENGINEERING
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

May 1988 e e
(©) James Kennetnh Luchs, Jr.., 1988
The author hereby grants to M.I.T. and the United States

Government and its agencies permission to reproduce and to
distribute copies of this thesis document in whole or in part.

Signature of Author

Departme of Ocean Engineering
Dale G. Karr

May 1988
Certified by 4%4/’7/6‘4/‘/
Associate Professor

Department of Ocean Engineering
Thesis Supervisor

Certified by @4&4‘\ (44\'\’\2
/ | Richard Harold Lyon

Professor , Mechanical Engineering
Thesis Reader

Accepted by vg rbw7[°' @"QL
— A+—TDouglas Carmichael

Chairman, Departmental Graduate Committee
Department of Ocean Engineering

DISTRIBUTION STATEMENT A

Approved fcr public releasel
Distribution Unlimited

83 Il At 099




EARTHQUAKE RESISTANT SUBMARINE DRYDOCK BLOCK SYSTEM DESIGN

by
LIEUTENANT JAMES KENNETH LUCHS., Jr. U.S. NAVY
Submitted to the Department of Ocean Engineering in partial

fulfillment of the requirenents for the degrees of Naval
Engineer and Master of Science in Mechanical Engineering

X\ | | ABSTRACT
Thrs Arer- dewi:ys .

e
o

//
-

Zedewie —

A three degree of freedom submarine drydock blocking
system computer aided design package. I8 - -developed.
Differential equations of motion are developed to take into
account high blocking systems, wale shores, and side block cap
angles, The computer program is verified Dby a case study
involving the earthquake sliding failure of the USS Lealy (CG-
16) ., A parametric study is conducted to determine the effects
of wale shores, isolators, and block stiffness and geometry
variations on system survivability. The effects of using
earthquake acceleration time histories with aiffering
frequency spectrums on system survivability s studied.

None oOf eleven submarine Arydock blocking systems studied
survive to dry dock faflure (0.26 ¢'s) or even npeet the Navy's
current 0.2 ¢ survival requirement. This shows that current

-~97&+ Navy submarine drydock blocking systems are inadequate to

survive expected earthquakes, Two design solutions are found
that meet the dry dock falilure requirenments. The low
stiffness solution uses dynamic isolators and rubber caps., and
the high stiffness solution uses wale shores and rubber caps.
The wale shore solution virtually prevents the submarine from
moving horizontally relative to the dock floor. The isoclator
solution allows relatively large horizontal displacements to
occur ., Using the wale shore solution, the submarine
experiences forces which are an order of magnitude higher than
those seen by the isoclator solution.,

Both 6¥-$he>design solutions can be constructed; however.,
there are cost and production interference concerns.
Considering the almost certain occurrence of a major
earthquake in the proximity of a U.S. Naval shipyard where
submarines can be drydocked within the next 20 years, the
expeditious incorporatjion of one of these design solutions
into U.S. Navy drydocking standards is strongly recommended.
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] CHAPTER 1

INTRODUCTION

1.0 Description of Earthquake Threat to Submarjine Drydock
Blocking Systems

U.S. Naval shipyards where submarines are drydocked are
located 1in regions of the United States where significant
earthquakes are known to occur., These earthquakes produce
tremendous forces and ground displacements which seriously
threaten the safety of drydocked submarines, They wusually
occur wWithout any warning. and there 1s presently no reliable
means of predicting their occurrence. Therefore, submarine
drydock blocking systems must be designed to resist expected

earthquake excitation.

Hepburn (1] described 1in detail both the nature of the
seismic threat to submarines drydocked in U.S. Naval
shipyards, and the drydock blocking systems currently in use
there. Graving docks at these shipyards are currently
designed to withstand earthquake accelerations up to 0.26 g's.
Previous research by Sigman [2] and Karr (3] wusing linear
elastic material three degree of freedom models showed that
submarine drydock blocking systems would fail due to side

block 1liftoff at accelerations significantly lower than the

0.2 g level required by current Navy drydocking standards [4].

13




Hepburn's (1) thesis confirmed these results using a
bilinear material model for wood which more closely represents
its actual behavior. Using this bilinear wood model, it was
determined that the submarine drydock blocking systems would
fail by side Dblock 1iftoff at even lower accelerations.
Clearly current U.S. Navy submarine drydock blocking systems

are inadequate to meet the earthquake threat.

1.1 Summary of Bilinear Material Results

Natural rubber and dynamic isolators were analyzed by
Hepburn (1] using bilinear models to determine their potential
for increasing system survivability. The rubber was used as a
substitute for the Douglas fir soft cap., and the dynamic
lsolators were used as a substitute for the oak (hard wood)
layer of the blocking systems. It was determined that
significant increases in survivability occur when rubber and
dynamic 1isolators are incorporated in the blocking systems.
Rubber caps and 1isolators either singly or in combination are
very attractive potential solutions to the submarine drydock

blocking systems' survivability problem.

This thesis uses the three degree of freedom analysis
model previously developed by Sigman (2] and Karr [3] with the
bpilinear material models developed by Hepburn [11 to design

earthquake resistant submarine drydock blocking systems. The

14




use of natural rubber, dynamic {solators. wale shores,

blocking system stiffness, and geometry variations is studied.

1.2 Thesis Outline

Chapter 2 describes improvements made to the three degree
of freedom computer program (3DOFRUB) developed jointly by
Luchs and Hepburn. The development of a computer aided design
package using this program as the core (s dascribed,
Significant modifications include the use of horizontal and
vertical accelerations input and force and displacement output

files, and development of miscellaneous support programs.

Chapter 3 describes the changes made in the equations of
motion to lnclude‘ the effects of cap angle and side block
height. This chapter also describes the effect Of adding wale
shores to the blocking system. In addition, the side block

wedge effect on the sliding failure mode is developed.

The earthquake effects on the USS Leahy (CG-16) drydock
blocking system at Long Beach Naval Shipyard is described in a
case study in chapter 4. The results of this study are used
as a verification of the three degree of freedom drydock
blocking system model and computer program. In chapter 5, a
parametric study on the effect of wale shores, dynamic
isolators, and stiffness and block geometry variations is

conducted.

15




The site specific earthquake effects on drydock blocking
system designs is analyzed in chapter 6. A low stiffness
dynamic 1isolator based arydock blocking design is developed in
chapter 7. Similarly, in chapter 8 a high stiffness wale
shore based drydock blocking design is developed. Finally, a
comparison of results, conclusions, and recommnendations for

further study is included in chapter 9,

16

. e




CHAPTER 2

DEVELOPMENT OF THE THREE DEGREE OF FREEDOM EARTHQUAKE
RESISTANT DRYDOCK BLOCKING DESIGN PACKAGE

2.0 Three Deqree of Freedom Computer Program Background

The computer program used to analyze the submarine
drydock blocking systems in this thesis was developed jointly
with Hepburn [1] and is based on the program developed by
Sigman (21]. Many significant modifications are made to
Sigman's program and several support programs are written to
improve the usefulness of this program as a design tool. The
two  subroutines developed to model bilinear material
properties, "BILINALL" and "RUBBER", are described in detail

by Hepburn [13].

The significant modifications made in this thesis include
the addition of horizontal and vertical acceleration inputs,
force and displacement outputs, and changes to the equations
of motion to include more complex geometry. The geometry
changes took into account the effects of side block height,
cap angle, and the inclusion of wale shores. In addition, the
side Dblock wedge effect on the sliding failure mode 1is

included in the program.

17




The main program, “3DOFRUB”, inputs submarine drydock
blocking system parameters then calculates the systen's modal
masses, stiffnesses, damping coefficients, and natural
frequencies. The horizontal acceleration time history (and
vertical if applicable) are input wusing the “ACCLINPT"
subroutine. The main loop Of the program solves the equations
of motion using the Fourth Order Runga-Kutta numerical method.
The Dblocking material stiffnesses are recalculated each time
step using the appropriate subroutines. At each time step.
keel and side block forces are calculated, and the systenm is

tested for failure.

The program begins by using 100 percent of the amplitude
of the input acceleration time history. It carries out
repeated 1loops through the whole history each time decreasing
the input acceleration. This continues until the systenm
survives a complete 100p through the time history. Force and
displacement data files as chosen by the user are created
using subroutine "RESPALL" for use in plotting systen
response. The main progranm, “3DOFRUB”, and all four
subroutine 1listings are included in Appendix 1. A sample
input data file and output file are also included in this

appendix.

18




2.1 n \'J n

Sigman's program only allowed the input of horizontal
ear thquake acceleration time histories. Vertical
accelerations are input to the program by multiplying the
horizontal accelerations by a selected constant. The
resulting vertical acceleration s, therefore. identical 1in
wave form with the horizontal acceleration which (s not always
the case for actual earthquakes, A Dbetter way of handling
vertical accelerations is to use actual vertical acceleration
time histories. The "ACCLINPT" subroutine allows both
horizontal and vertical acceleration time histories to be read

independently.

The "ACCLINPT" subroutine asks the user for the
horizontal acceleration file name and then reads the data into
an array. The user s then asked if a vertical acceleration
file will be used. If the user chooses to use one, its data
is read into a different array. If the user declines to use a
vertical acceleration file, the user is asked to provide the
vertical to horizontal acceleratijion ratio. Each horizontal
acceleration data point is then multiplied by this ratio to

create a vertical acceleration data array.

The subroutine then checks to make sure that if

horizontal and vertical acceleration inputs are used, both the

inputs are from the same earthquake with the same time step.
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Finally, "ACCLINPT" provides the main program, “3DOFRUB"., with
the earthquake name., the horizontal and vertical earthquake

component names., and the acceleration time step used.
2.2 a S cement Output

In order to display the response of the three degree of
freedom system, it is essential to create force and
displacement output data files. Sigman's [2] computer program
includead a computer operating system dependent plotting
routine, In order to develop a useful and easily portable
software package, force and displacement response data is
output in ASCII files, This allows the user the option of
using a wide variety of plotting programs to display the
response data. The main program can then be run oOn any
system, {ncluding personal computers, that has a FORTRAN

compiler.

The main program, "3DOFRUB", asks the user if response
and displacement output files are desired. If these files are
desired, the user can chose which of five force components
should be output, These force components are (1) keel
horizontal force, (2) side block horizontal force, ' (3) left
side Dblock vertical force, (4) right side block vertical

force, and (5) keel block vertical force.
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The main program calculates the appropriate force and
displacenments. The program selects the correct displacements
corresponding to the chosen force then captures them in
arrays. For example. if left side Dblock vertical force is
selected, the displacement., YPRIME, 1is captured. YPRIME
includes the vertical displacement of the keel, rotation about
the keel times the lever arm to the left side block, and the

static deflection of the side block due to submarine weight.

"RESPALL" {s the subroutine which creates force and
displacement output files., This subroutine asks the user for
X displacement, y displacement, rotation, and force output
file names. It then writes the force and displacement arrays
captured by the main program to these files. The program only
creates output data files for an earthquake magnitude that the
system survives (where no fajlures occur). These output files
are formatted such that they are directly usable by LOTUS 123

and other graphics programs.

2.3 Development of Miscellaneous Support Programs

Several  support programs are developed to produce
acceleration time history data files usable by “3DOFRUB". The
first program, "V2READS", based on a program provided by Lew
1988 (S1, creates three separate single column format
acceleration data files. The f{nput for this FORTRAN program

is the standard format magnetic media data file containing
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three complete earthquake records each provided by the

National Geophysical Data Center, Boulder, Colorado [(8&1].

The second program. “ACCELMOD", modifies an acceleration
data file in single column format by adding a new data point
found by linear interpclation bhetween each original data
point. This is necessary in some cases (e.g. the 1 October
1987 Whittier, California earthquake) to improve the accuracy
of the numerical computational schene. The Whittier
earthquake was recorded with a 0.02 second time step. The
"3DOFRUB" program produces the best results if the time step

is 0.01 seconds or less,

The third computer program, “DATINNEW”, written in BASIC
inputs acceleration data from ASCII data files in either
single or multiple column format and modifies it in several
ways. First, 1if desired the program adds character string
labels to the first three 1lines of the output data file.
These labels are the name of the earthquake, the acceleration
component name, and the acceleration time step. These labels
are required in order for the output file to be used directly

by “3DOFRUB".

"DATINNEW" allows the user to produce an output data file
of any length up to the maximum number of entries in the input
data file. The program also allows the user to multiply each

data point by a desired constant to produce earthquake time
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histories of varying magnitudes, The program gives the user
the option of having the output data file be in units of
inches per second squared or centimeters per second squared.
“3DOFRUB" requires centimeters per second squared data input.
“DATINNEW" removes gaps 1in data files produced by progranms
such as LOTUS 123. The output of the program is an ASCII data

file in single column format.

Another BASIC program., "MAKERUB", is developed to create
submarine and blocking system data input files for "3DOFRUB"“.
This program is written based on a BASIC program written by
Paz (1986) (71, This computer program allows the user to
prepare new data files or modify existing data files, The
program s labeled 1in detall and identifies all submarine and
blocking system data input file entries including their units
as used by "3DOFRUB". The program is versatile in that data

files can be moved, recalled, and modified quickly and easily.

"MAKERUB" prompts the user for each data entry by
description, units, and variable nanme. The program then
creates data files 1n the exact format required by “3DOFRUB"
without the user having to adjust anything. One important
feature of this program is that it labels the data files with
fdentifying information so when the data files are displayed
the user can see all pertinent information as text. The four
programs described in this section are included 1in Appendix

(2.
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CHAPTER 3
GEOMETRICAL IMPROVEMENTS TO THE THREE DEGREE OF FREEDOM MODEL
AND COMPUTER PROGRAM

3.0 Geometrical Improvements to the Three Degree of Freedom
Equatjions of Motion

The three degree of freedom model of the submarine
drydock Dblocking system at rest as developed by Sigman (1986)
€2] and used by Hepburn (11 is the system used as a baseline
for this thesis, Figure (3.1) is a two dimensional
representation o©f the submarine and dry dock with the keel and
side Dblock piers modeled as horizontal and vertical springs

and dashpots,

This figure differs from Sigman's model in several
respects. First, wale shores. modeled as horizontal springs
and dashpots, at a distance AAA from the keel are added.
Second, the height of the side blocks above the keel baseline
and the resulting angle alpha between the baseline and a line
through the keel and side block point of contact is shown and

taken into account in the equations of motion.

The point CGl is the initial location of the center of
gravity of the submarine. The point K is the initial location
of the keel of the submarine. The point K', insert figure
(3.2), s the location of the Kkeel after horizontal and
vertical translation has occurred. Rotation occurs about this

point. KG s the distance from the keel to the center of
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gravity. The distance br is the transverse distance between
the center of the caps of the port and starboard side blocks.
The horizontal, vertical., and wale shore spring constants are

as designated in the figure.

The system is excited by horizontal and vertical dry dock
accelerations i, and ;c respectively. The entire dry dock and
submarine system moves relative to a fixed reference frame.
The excited system {s shown {n figure (3.2). The system of
equations are expressed in terms of motion of the submarine

relative to the dry dock.

The point CG2 in figure (3.2) is the location of the
center of gravity of the submarine relative to the fixed
reference frame after horizontal displacement u and vertical
displacement v. The point CG3 is the location of the
submarine's center of gravity after the additional absolute
rotation theta. The insert at the bottom of figure (3.2) (s a
close up of the keel area of the submarine during this motion,

The displacements illustrated are describcd as follows:

The relative horizontal displacement coordinate x is the
displacement of the submarine keel with respect to the dry
dock . The displacement u is the position of the keel relative
to the fixed reference frame. With ground motion Xg the

following equations holad:
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X = U - Xg

u =X + Xg

u=x+ Xg (3.1)
Similarly for vertical translation the following

equations hold:

V=y+Yy, (3.2)

The coupled non-linear three degree of freedom equations

describing the system motion as developed by Sigman are as

follows:
M3 + MKGO + C.X + C..8 + (2Kkhs+khk)X = —MXg (3.3)
My + C,y + (2KvS+kvK)y = -MYyg (3.4)

1.6 + MRGx - MRGY® + C.® + Co.X + [(bre=/2)kvs
-WKG1® = -MKGXg (3.5)
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In equations 3.3 through 3.5, M is the mass of the
submarine, Ik is the rotational doment of the submarine about

the keel, and W is the weight of the submarine.

Sigman's analysis assumed that the height of the keel
blocks was the same as the height of the side Dblocks,
Therefore, the lever arm from the keel to the side block hull
point of contact 1is br/2. Taking the actual height of the
side Dblock into account gives the following expression for

this lever arm:

LLL = ((htside-htkeel)® + (brs/2)=)*/# (3.6)

The angle alpha is then:

L = SIN-*((htside-htkeel)/LLL) (3.7)

Figure (3.3) 1is an illustration of the additional
vertical and horizontal displacements of the side Dblock cap
due to rotation theta (8 of the submarine about the keel.
The insert at the bottom of figure (3.3) is a close-up of the
side block cap geometry during submarine rotation. Assuming
small angle rotation, the displacement of the cap due 10
rotation is L. The vertical component of L& is R. The
norizontal component is Z. L in the figure is the same as LLL

in equation (3.6).
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The expression for R is developed as follows:

R = LOxSIN(7 ) (3.8)
SINC §) = (BU + R)/L (3.9a)
For small angles of rotation:
SINC ¢ ) = (BU)/L (3.9D)
BU = htside-htkeel (3.10)
From figure (3.3):
)7+ 90 + & = 180 (3.11)
7= 90° - & (3.12)
Combining with equation (3.9b) gives:
;= 90 - SIN-*(BU/L) (3.13)
Using a trigonometric identity gives:
SINCT ) = COS(SIN=:(BU/L)) (3.14)
Substituting in equation (3.7) gives:
SINC 7 ) = COS( ) (3.15)
Therefore:
R = LE*COS (e ) (3.16)
In the case where BU = O (side block height = keel block
height) as was the case in Sigman's analysis equation (3.16)
reduces to:
R = L6 (3.17)
In this case L = br/72 and therefore:

R = (brrs/2)*e (3.18)
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Similarly:

2 = LO*COS(; ) (3.19)
2 = LOXSIN(S, ) (3.20)
In the case where BU = 0 and L = br/2:

2 = LO*SIN(D) = 0 (3.21)

R and 2 are used in calculating the horizontal and
vertical forces on the side Dblocks. Without these geometric
relationships, the horizontal force exerted on the side blocks
of submarines due to rotation is not taken into account. Not
including this force is a significant underestimate of the
true horizontal forces seen by the side Dblocks. Including
this effect represents an important improvement to Sigman's

model .

With these equations incorporated into the "3DOFRUB"
computer program, the model is now general enough to take into
account the high builldups of surface ships. Even though for
submarines, including the geometric side block effects only
changes the survivability of the systems by approximately one
percent, for ships with higher buildups these effects will be

_larger.
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The total blocking system forces are calculated as

follows:

Keel block horizontal force:

RR1 = khkbxx (3.22)
Right and left side block horizontal force:

RR2 = khsbxXPRIME (3.23)

XPRIME = x + 2 (3.24)
Left side block vertical force:

RR3 = kvsbl x YPRIMEI (3.25)

YPRIMEl = -y - R + DELTA (3.26)
Right side block vertical force:

RR4 = kvsb2 x YPRIME2 (3.27)

YPRIMEZ = -y + R + DELTA (3.28)
Keel block vertical force:

RRS = kVKkbx*YPRIME3 (3.29)

YPRIME3 = -y <+ DELTA (3.30)
Right and left wale shore horizontal force:

RR6 = ks*(x + AAA*®) (3.31)
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The total blocking system moments about the keel are

calculated as follows: ‘

Right and left side block horizontal moment:

MM1 = RRZALLLXSIN(eA ) (3.32)
Left side block vertical moment:

MM2 = RR3XLLLACOS( Ok ) (3.33)
Right side block vertical moment:

MM3 = RR4XLLLXCOS (< ) (3.34)
Right and left wale shore horizontal moment:

MM4 = RRO6*AAA (3.3%9)

DELTA 1is the static deflection of the side and Xkeel
blocks due to the submarine‘'s weight., The value of DELTA is
calculated 1in each loop of "3DOFRUB" and depends on the values
of the current side block and keel block vertical stiffnesses.
All Dblocking stiffness (e.g. khkb) are those found from
appropriate "BILINALL" or "RUBBER" subroutines. If a linear
material analysis is selected by the program user, linear

material stiffness values are used.

To derive the modified submarine drydock blocking system
equations of motion the following procedure is used, First
the forces in horizontal direction are summed and equated with
the mass times acceleration in that direction. Next, the

forces in the vertical direction are summed and equated with
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the mass times acceleration in that direction. Finally. the
moments are summed about the Kkeel and equated with the
rotational inertia times rotational acceleration. After
combining terms and simplifying, the modified equations of
motion which include wale shore and side block geometric

effects are as follows:

.8 '3 [ ]
MX + MKGe + C.X + C..0 + (2ks+2khs+khk)x

+ (2KS*AAA + 2KNhS*LLLASIN( = ))@ = -Mxg (3.36)
My + C,¥y + (2KVS+kvK)y = ~MY, (3.37)

1.6 + MRGX - MKGY® + C.® + Cu.X
+ (2kS*AAA + 2KNSXLLLXSIN( % ))x
+ [2KkS*AAA® ¢ 2Khs* (LLL*SIN( X ))=

+ (2%kvs)* (LLL*COS (™ ))= - WKGIe = -MKGX, (3.38)

The three degree of freedom equations (3,36 - 3.38) are
now stiffness as well as inertially coupled. In matrix form,
there are now two new elements in the stiffness matrix (K,a =
Kai), where K,a = (2k8*AAA + 2khsSxLLL*SIN( &« )). The first
term, 2KkS*AAA, is due tOo wale shores; and the second term,
2KhS*LLL*SIN( =« ), is due to the effect of system rotation on
the side blocks., The stiffness matrix elements K,, and Kes

are also modified to include these effects,
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3.1 Effect of Side Block Cap Angle on System Sliding Failure
Mode

All failure modes incorporated in the “3DOFRUB" computer

program are the same as those used by Sigman [2] except the

slide Dblock sliding failure mode. A more general approach is

used to model the side block sliding forces. This allows this
program to be used for surface ship block geometries as well
as submarines. One additional data input required by the
program is the side block cap angle. An average value of side
block cap angles, ©obtained from the submarine docking
drawings., 1s used in this thesis. It is possible to model the
failure of the different side blocks along the length of the
submarine or ship by running the program separately for each

side block right and left set.

Figure (3.4) shows the geometry used in the modeling of
the side block cap. The side block cap is modeled as a wedge
using a system illustrated in Marks Handbook [8]. Sigman in

his analysis did not include the outward force on the side

block caused by the vertical forces.
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1
i This outward force is caused by the relative rigidity of
the ship compared tO the side blocks. When a vertical force

occurs, it tends to push the block outboard rather than move

the ship inboara. The equations describing the forces
associated with the side blocks due to this wedge effect and

other frictional forces are as follows:

Outboard horizontal forces:

hfl = RR2 (3.39)
nf2 = RR3*COS((3 )*SIN(B ) (3.40)
Resisting horizontal forces:
hf3 = U2XRR3*COS( AR I*SIN( g (3.41)
hf4 = Ul*RR3 (3.42)

In the figure rfl is equal to RR3. RR2 and RR3 are

defined in equations 3.23 and 3.25 respectively.
Where:

/3 = the side block cap angle.

ul = i{s the block on block friction coefficient.

u2 = {s the hull on block friction coefficient.

If rfl and hfl are acting in the direction shown In figure

(3.4), "3DOFRUB" flags side block sliding failure i{f hfl + hf2

is greater than hf3 + hf4.
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3.2 tem V
Deflectjion

Due to the changing stiffness of the side and keel blocks
during the earthquake because ¢of their non-linear material
properties, the static deflection, DELTA, caused by the
submar ine weight changes throughout the duration of the
earthquake. The accurate calculation of DELTA is essential so
that "3DOFRUB" correctly handles permanent set and bilinear
material properties. For some cases it is possible for the
keel or side blocks to start in the second (plastic) stiffness
of the bilinear stiffness model 1if the submarine weight |is

great enough.

One assunption is made to simplify the calculation of
DELTA. It is assumed that the side block caps would never be
elastic when the keel block caps are plastic. The equations

for calculating DELTA are as follows:

Elastic case:

DELTA = weight/ (2kvs+kvVk) (3.43)
Plastic case:

DELTA = YEL3 + (weight

-(YEL3% (2kvsS+Kkvk)) )}/ (2KvSp+kVvkp) (3.44)

Where:

YEL3 = QD4/ (kvk-KVKkp) (3.45)




QD4 18 the Kkeel restoring force, RRS, intercept of the
second Dbilinear stiffness slope. The entire bilinear material

model is described by Hepburn [1] in detail.

"3DOFRUB" 1includes DELTA initjalization and recalculation
sections., In the initialization section the program first
determines whether or not the static deflection has caused the
cap material to go plastic or remain elastic. If the material
is elastic, then equation (3.43) is utilized to compute DELTA.
If the material 1is plastic., the program uses equation (3.44)
to <calculate DELTA. If kvk equals kvkp then YEL3 is equal to

2ero. Then the DELTA equation reduces to the following:

DELTA = weight/ (2kvsp+kvk) (3.46)
.

This case occurs when the keel blocks are linear elastic
and the side blocks are bilinear rubber, In addition, if
either the keel or side blocks are bilinear wood then the
elastic case holds initially. For recalculation the same
equations are used with the updated stiffness values from the

appropriate stiffness subroutines.
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CHAPTER 4

UsS LEAKY (CG~16) CASE STUDY

On 1 October 1987, while in graving dock #3 at Long Beach
Naval Shipyard (LBNSY), Long Beach, California., the USS LealLy
(CG~16) experienced an earthquake. The 5.9 magnitude (0.45 ¢
maximum peak acceleration) earthquake had an epicenter located
20 miles to the northeast 1in Whittier., California (9]. The
ship experienced side block sliding and photographs of the
drydock Dblocking system showing the block displacements were
taken immediately after the earthquake. In addition, dary
docks at LBNSY had been instrumented by accelerographs which
recorded the dry dock accelerations (0.05S g peak) seen by the
Leasy during the earthquake., Because of the recorded
displacement and acceleration time histories, the USS Leasy
was an outstanding case to analyze in order to verify the
three degree of freedom model and the “3DOFRUB" computer

program.

The October 1st earthquake occurred while this thesis was
being researched. Within hours after the earthquake occurred
in California, the LBNSY Drydocking Office was contacted and a
request for photographs of the blocking system was made. The
Docking Officer, Mr. Robert Dixson, reported at that time that

the JZealy'sblocks had shifted outboard during the earthquake,
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and four of the side blocks had remained away from the ship
after the earthquake was over. Providentially, the ship had
recentiy been sandblasted and painted, and when the earthquake
occurred the portions of the hull exposed due to slide block
sliding were very evident. Therefore, the exact displacements
of several of the side blocks following the earthquake was

recorded in the photographs taken on October Ist.

Figure (4.1) is a photograph of the # 14 (second most
forward) starboard side block. This photograph clearly shows
the outboard displacement of the block. It was reported that
several of the steel brackets (dogs) holding the block layers
together popped out during the earthquake. These brackets

were reattached before the photograph was taken.

LBNSY was visited in late October and the ZLeasry's
blocking system was examined. The ship was still in dry dock
and the area around the displaced blocks had not been
repainted. Therefore, the displacements during the earthquake
were still evident. These displacements were measured and
recorded. There was no evidence of side block or keel block
~crushing or keel block sliding. There was slight evidence of
side Dblock liftoff, This 11ftoff apparently slightly skewed
some of the side blocks so the inboard face of the side blocks
wa&s no longer parallel to the keel line, 1In addition., the new
paint that had been applied just before the earthquake was

broken between the hull and block interface.
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Figure (4.2) shows the keel block system of the USS Lealy
looking forward. Again, there was no evidence of sliding or
crushing along the keel line, This figure also shows the high
blocking heights used by surface ships. Submarine blocking
systems are usually much shorter. For a submarine, the bottom

layer of blocks would not be present.

Figure (4.3) is a photograph of the Leaty'‘'s starboard
forward side blocks. These two blocks were pushed away from
the Lealy entirely and stayed away after the earthquake was
over. This was also true for the same two blocks on the port
side, The docking crew at LBNSY pushed these blocks back into
position as much as possible, ﬁowever. gaps can still be seen
between the hull and the top of the side Dblock cap. There
were no such gaps before the earthquake. This photograph is
also an excellent 1illustration of side block build up angle
alpha (o ) and side Dblock cap angle beta (/9 )o In figure
(4.4), a close-up of one of the aftermost starboard side block
cape 1is shown. This photograph is another i{llustration of the

side block sliding which occurred.

The dry docks at LBNSY are some of the only dry docks in
the world instrumented with accelerographic equipment. These
instruments were installed by the Naval Facilities Engineering
Command and monitored by the Naval Civil Engineering

Laboratory, Port Hueneme, California.
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When the 1 October 1987 earthquake occurred, all of the
acceleration recorders (accelerographs) were triggered in the
dry docks at LBNSY. The acceleration time histories were

recorded on film in these instruments.

The closest accelerograph to the JUSS Lealy daurting this
earthquake was located 1In dry dock #2 which is approximately
S00 feet to the east of where the ship was drydocked. Dry
dock # 2 s virtually identical in size and construction to
dry dock # 3 where the Leasy was located. Figure (4.5) is a
layout of LBNSY ([10]) waterfront and the location of the
accelerograph and the Lea)y are indicated. Figure (4.6) is a

cross—-section of dry dock # 3.

The accelerograph in dry dock # 2 was a SMA-1 Strong
Motion Accelerograph. This instrument s a battery operated
earthquake recorder designed to measure ground acceleration
and structural response from strong local earthquakes., It
provides tri-axially (orthogonally arranged 1longitudinal,
vertical, and transverse) measured photographic records of the
local acceleration time history [113J., Figure (4.7) s a

photograph of this instrument,

48




sUss

TATioN £ (001 CONTROL
P"~ €

oo

DOCKING
(LT {4 ]

® cnane TRACKS
GAGE 30’
|

CRANE TRACKS
J GAGE X'
(S~
SMA-} //JI SUBRSTATION 3 (DO 2¢) ConTRoL 8
f;ronq Motion \? *-40' :3.
cele N -
rograph~/ {Jo— ) Ta
: . \\ 2en NO o -3
2 \ g
SUBSTATION £, S
A4
USS LEAKY (CG-16) '
.
Drvdock Porwal Cranes i .9
(-]
Crane Orydock | Capaciy - :
No. Na. o)
d 1 OCTOBER 1987
P-1,6,13,1% } 1,23 $0,18.8
P-2,3,4,8, do 28,8
$,9,10, sRaPmIC BCALE .
21,22
P-16,17 do 25,48 s
FIGURE 4.5
Location of Drydocks, Long Beach Naval Shipyard.l.oﬂg Beach, Cslifornia

NAVFAC DM-29.3 (NOV 81)

49
R T ey |




v e, L3 £ g #eafea,
W20 gy (TATS ]
_ el om_ansigew ayew) g 3200

" 40T aArswooY - € NV

7 0N AWM M SNUEED IS SSIN) WAL

SIWIINSNN) MAT) (BVRIONA

9'% JuNO13

NOILDIS-SSO0UD
€ & XO0d kja
QUVALIHS TYAYN HOVAA ONOT

YT I
NI HINOE AV
TINNNL SNIO00 Y - IDVIIVED — ' R .
” L~ . -
e g .
o o 004 161x37 -

odwiNd ONYIINI0 ——

IINNNL IDRWYNIGIO A L
>,
MV BB I~ i
Tt KT
¢} dwng

43T 9000
? MOBa WUV

2 R | T

SO1

. TINNNL ALIMAN

] T Yaen, SNO0004- 9VNIVEO

T - — FANNNL ALIWAR
S P |

WIOOANG 4O 30K #OL

S0




SMA -1

Strong Motion Accelerograph

FIGURE 4.7

51




After the earthquake., the record from the SMA-1 {n dry
dock # 2 was taken to the Naval Civil Engineering Laboratory
where the rough data was analyzed. This data was then
corrected and processed by Structural and Ear thquake
Engineering Consultants, Arcadia, California. The corrections
were necessary due to instrument bias and recording errors.
The Naval Civil Engineering Laboratory forwarded these
results, and they were used in this thesis to analyze the
Leasy 's blocking system response, The results (5] of data
processing are called "corrected accelerograms" and are
provided i{n the standard format magnetic media data file as
used by the National Geophysical Data Center, Boulder,
Colorado. The data provided was further processed for use in
“3DOFRUB" using the support programs described in section 2.3.
Figure (4.8) shows the corrected data plots provided by the
Naval Civil Engineering Laboratory for dry dock # 2's
transverse acceleration component, A typical header for one

of the data files is included in Appendix 3.

The data from the SMA-1 took months to process due to its
analog nature. Digital accelerograph instruments now exist
which can provide immediate processed information to users via
computer modems in the standard format. But these instruments

are not yet installed in dry docks.
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4.1 Modeling of the UsSS Lealy Drydock Blocking System

The characteristics of the US5S LZesty's drydock blocking
system were obtained from the Docking Officer at LBNSY, MNr.
Robert Dixson. The information wused came from a “layout
sheet" which was wused to construct the blocking systenm. A
copy of this "layout sheet” is included 1in Appendix 3. The
following information is obtained from this sheet and is used
in producing an input data file for the "3DOFRUB" computer

program:

Side block height (htside)
Keel block height (htkeel)
Numbers of blocks

Side block cap angles (beta)

Side block breadths (br)

The photographs taken and visual inspection of the
blocking system are used to determine material quantities and
dimensions of each blocking layer. These dimensions are used
in the blocking system stiffness spreadsheets. The features
of the stiffness spreadsheets used are described in detail by
Hepburn (C113. They are included in Appendix 3. The bilinear
model is used to describe the Douglas fir caps. Also, in
Appendix 3 138 a summary of the USS Leslsy’'s blocking system

stiffnesses and the resulting QD values. This summary sheet
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displays the other submarine sysStem stiffnesses as a

compar ison,

The moment of inertia about the keel for the Jeady is
calculated using a formula given by Gillmer & Johnson (121
based on the ship's beam for a destroyer type ship. A
spreadsheet s used for this calculation and 1is included in
Appendix 3. The ship 1is modeled as a "rigid body". This is
considered reasonable for a cruiser type ship subject to a
small earthquake. Since, each set of Lea/y”s side blocks has
aifferent heights. the Leasy system (s modeled several times
using each set's heights. A typical data file for the /Lealy

used by the "3DOFRUB" program is included in Appendix 3,

4.2 Results of the USS Lez/y Analysis

One of the most interesting things found in examination
of the Leaty‘s blocking system is that the outboard
displacement variled significantly from block to block. Figure
(4.9) 1is a plot cf measured outboard block displacement versus
cap angle. This figure shows that as cap angle Increases
outboard side Dblock displacement increases in a linear
fashion, A Dbest fit linear regression 1line {s shown along

with the data points.
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O

This type of behavior is consistent with the side block
sliding analysis described 1in section 3.1 and incorporated in
the “3DOFRUB" computer program. However, once sliding occurs,
the three degree of freedom model used in "3DOFRUB" breaks
down. There is no means incorporated into the program to

determine the amount of side block displacement.

The next analysis step is to run "“3DOFRUB" using each
sjide block cap angle in the ZLesasy ‘s blocking system. The
program 1is run twelve times each time using a different cap
angle., A relationship is found as seen in figure (4.10)
between cap angle and the systems survivability when subject
the dry dock # 2 acceleration time history. All of the
analysis uses the transverse and vertical components of the

Ary dock # 2 acceleration time history.

It 1is observed that the block on block surfaces for this
system had been painted. According to Rabinowicz (1987) [131],
a reasonable estimate for the friction coefficient for this
situation is 0.3. This value is used in comparing all of the
cap angles. Figure (4.10) shows a linear relationship between
earthquake survivability and cap angle. As cap angle increase
the system's survivability decreases due to side Dblock

sliding.
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Figure (4.10) predicts that the following side blocks
would siide when subject to the dfy dock # 2 acceleration time
history: (15, 14, 13, 7, 12, 6, 1, 4). All of these blocks
were observed to slide. Side blocks are numbered from the
stern forward. Blocks 14 and 15 are the farthest Dblocks

forward on the port and starboard side,

The program predicts failure ranging from 47 to 117 % of
the dry dock # 2 acceleration time history. The side block
systems which are predicted to fail at the lowest acceleration
time histories were those side blocks with the highest cap
angles. This correlates very well with observed side block
sliding failures on the bSS’La@Qm A spreadsheet including a
regression analysis of the observed side block displacements

for the USS Lear)'s blocking system is included in Appendix 3.

The model predicts side block sliding failure as the
primary failure mode for the USS Lealsy system subject to the
dry dock # 2 acceleration time history. This is precisely the
actual system failure observed. The model also predicts that
side Dblock 1liftoff is the primary failure for side blocks with
small cap angles. Again, this is consistent with observations
of the side blocks. The observed variations in the data as
seen in figure (4.9) could be due to such factors as

frictional and material variations among the side block pilers.
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An analysis is then conducted to determine the effects of
varying the frictional coefficient on system survivability,
For this study., cap angle s held constant as are all other
parameters except the Dblock on block frictional coefficient.,
Side Dblock # 13 is used in this study. This block has a cap
angle of 0.43 radians which is in the middle of the side block
cap 4Aangle range. The Dblock on block friction coefficient s
varied above and below the 0,3 value as shown {n figure

(4.11).

Figure (4.11) shows that there 1is a very strong linear
dependence of survivability on block on block frictional
coefficient., Varying the friction coefficient from 0.22 to
0.43 results in a survivability range of 22 to 175 % of the
ary dock # 2 acgeleration time history. The best fit line as
well as the data points are shown on the figure. One key
result is that it seems that a block on block friction
coefficient of 0.3 best fits the observed sliding conditions
which occurred on the USS Lealsy. A 0.3 value corresponds to
failure at 80 % of the earthquake which is reasonably close to
where the sliding of the side blocks similar to # 13 appeared

to occur.
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Figure (4.12) 1is the output from "3DOFRUB” for the
vertical displacement of the Lealsy’'s starboard side Dblocks
(assuming # 13 cap angle and height) during the earthquake.
It shows that slight liftoff does occur about 8 seconds into
the earthquake where the displacements become negative. This
also correlates well with the observed slight 1iftoff which
occurred. A typical "3DOFRUB" output run s 1included 1in
Appendix 3. Based on these results, the three degree of
freedom model and the "3DOFRUB" computer program appear to
correctly reflect the behavior of an actual drydock blocking

system including the effects of side block geometry.
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CHAPTER 5

WALE SHORE, ISOLATOR. AND BLOCK STIFFNESS/GEOMETRY VARIATION
PARAMETRIC STUDIES

5.0 Parametric Study Description

It has already been seen that present U.S. Navy drydock
blocking systems are inadequate to resist expected earthquake
accelerations. Some potential new materials such as rubber
caps and dynamic isolators look promising in correcting this
problem. Many other design improvements including the use of
wale shores, stiffening the side blocks, and widening the
blocking system base show potential. In order to explore
these possibilities and establish a feel for the design space,
a series of parametric studies using the "3DOFRUB" computer

program are conducted.

Due to the high number of runs expected to accomplish
this study. the Naval Sea Systems Command main frame (VAX)
computer was used. This reduced the run time of "3DOFRUB"
from several minutes to seconds. The system portability built
into the "3DOFRUB" source code allows it to be recompiled for
use on the VAX computer with very few minor changes. These
parametric studies took several days and involved several

hundred runs.

In order to determine the desjign space, wale shore

stiffness and side block and keel block horizontal and

64




vertical stiffnesses inputs to “3DOFRUB* are varied. These
values are not related to any particular existing or potential
blocking system. These values are input directly into the
progran without first being produced by the stiffness
spreadsheets. Submarine drydock blocking systen # 1 is used
as a baseline for these studies. 1In all cases except for the
study of systems with wale shores and 1 inch rubber block caps
(system SO series), a linear material! analysis is used. The
1940 E1 Centro earthquake acceleration time history used by
Hepburn [1] is wused throughout this parametric study. For
several of these studies, the effect of doubling the Xkeel

block widths is investigated.

S.1 Parametric Study Results

The results of sasystem # 1 vertical side block atiffness
variations on failure due to the 1940 El Centro earthquake {s
shown {in figure (S.1). Log(kvs) with respect to 1 kip/in is
plotted against failure fraction of the earthquake. For each
stiffness, failure fractions due to all failure modes present
are plotted. The primary failure modes for this system are
side block 1iftoff, keel Dblock overturning, side block
overturning, and side Dblock sliding. For this particular
study, side block horizontal stiffness s held constant at

100,000 kips/in,
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Since all failure modes are shown in figure (5.1)., their
relative dominance can be seen, The curve showing overall
system failure for each Stiffness consiste of the lines
connecting the bottom failure modes in the figure. Therefore,
the modes of failure which dominate this system are side block
liftoff and keel Dblock overturning. Side Dblock liftoff |is
dominant from log(kvs) = 4 to S.4, and keel block overturning

is dominant from log(kvs) = 5.4 to 6.

The Dbest survivability attained by varying side block
vertical stiffness is 40 % of the El Centro earthquake., While
there i3 some promise 1in increasing side block vertical
stiffness, (t is still not possible to meet the 0.2 g criteria
by increasing this stiffness alone. Alsc, the horizontal and
vertical stiffnesses required are extremely high and may not
be practically obtainable in an actual submarine drydock

blocking system.

Another Kkey factor evident in figure (S.1) is that side
and Kkeel block overturning are important issues., As stiffness
increases, side block overturning and sliding become less
important: however , above 100,000 kips/in keel block
overturning quickly becomes increasingly important wuntil it
dominates. It is clear that any design strategy must take
into account both preventing side block liftoff and keel block

overturning. As one failure mode is eliminated., another will
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come to dominate; therefore, a design strategy that overcomes

the various failure modes at the same time is required.

Figure (S.2) shows the results of varying side block
horizontal stiffness. In this case., kvs is held constant at
70,000 kips/in while Kkhs is varied. As shown in the figure,
keel block overturning is the dominant fajlure mode up to
log (khs) = 4.3 after which slide Dblock 11ftoff becanme

dominant.

Since the failure fraction reaches a plateau at log(khs)
= 4.6up to 5, this appears to be an upper design limit for
horizontal stiffness above which little increase in
survivability occurs. From these and other parametric studies
it 1is found that for optimal survivability, both horizontal
and vertical side Dblock stiffness have to be increased
together. Again, this shows that a parallel design effort is
required. Varying one parameter alone does not result in a

successful design.

‘Results of using wale shores of various stiffnesses on
system # 1 survivability are shown in figure (5.3)., Rapid
improvements in system survivability occur as wale shore
stiffness 18 increased. To prevent the occurrence of keel
block overturning, double width keel blocks are used in this

study.
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As seen in filgure (5.3), the three primary failure nodes
are side block l1iftoff, keel block overturning., and keel block
sliding. Side Dlock liftoff is dominant up to log(ks) = 4,.4.
Keel block overturning overtook side Dblock 1iftoff and
dominates failure for 1log(ks) = 4.6 and above, The Dbest
survivability seen is 60 % oOf the El Centro earthquake which
is well above the 0.2 g criteria. Therefore, the use of wale
shores 1is quite promising, and the required stiffness appears

obtainable.

The use of wale shores increases system survivability by
reducing the rotation and horizontal displacement of the
subrarine during the earthquake. This is due to the large
restoring moment provided Dby the wale shores resulting from
their high position above the keel baseline. Wale shores also
shift the horizontal and rotational system modal frequencies

well above the excitation frequencies of the earthquake.

When the side and keel Dblocks are prevented from
overturning and 1 inch of rubber is added to the block caps,
extremely high system survivability can be obtained using wale
shores. Figure (5.4) shows the results of varying wala shore
stiffness. It is found that the use of 1 inch rubber caps
alone more than doubled system survivabjility. This is due to
the rubber cap delaying side block 1liftoff., The wale
stiffness s then varied up to the optimum stiffness values,

30,000 kips/in, shown in figure (5.3).
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By 1increasing the wale shore stiffnesses, survivability
increased quickly up to about 80 % of the El1 Centro
earthquake. After this magnitude of earthquake, increasing
wale shore stiffness gave diminishing returns. This study
indicates that wale shores are a viable solution to the
submarine drydock blocking sSurvivability problem. Details of

the wale shore design solution are given in chapter 8.
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CHAPTER 6

DRYDOCK BLOCKING SYSTEM SURVIVAL COMPARISONS AND SITE SPECIFIC
EFFECTS

6.0 Drydock Blocking System Survival Comparisons

The eleven submarine drydock blocking systems analyzed by
Hepburn (1], sigman (2], and Karr (3] are again analyzed in
this thesis to determine the effect of including the geometric
modifications described in chapter 3. The “3DOFRUB" computer
program is run using the 1940 El Centro ear thquake
acceleration time history and data files describing each of
the eleven systenms. For purposes of comparison, the eleven
systems are modeled as linear-elastic. The Dbilinear system
aata files used by Hepburn (1] are modified by setting QD's
equal to zero and setting the plastic stiffness values equal

to the elastic values.

Figure (6.1) is a plot comparing the survivability of
Sigman's [2) eleven submarine systems to the linear systems.
The purpose oOf this comparison is to determine what effect the
side block buildup angle (alpha), side block cap angle (beta),.
and side block wedge effect has on system survivability. The
figure shows that the geometric effects has little impact on
overall system survivability. In some cases survivability is

improved, and in other cases it is decreased.
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The average value for survivability for all eleven
systems is 26 % for both the linear and Sigman analyses. This
is not surprising since submarines have relatively low side
block heights above baseline and 1low cap angles, Therefore,
Sigman's assumption that submarines have 2zero side block
height above baseline {s reasonable. However, as seen by the
Lealy case study in chapter 4. the geometric modifications
made to "3DOFRUB“” become important in the case of surface

ships due to high side block heights and large cap angles.

Figure (6.2) is a plot comparing the survivability of
Hepburn's (1] eleven bilinear submarine systems to the linear
systenms. In this comparison there is a clear difference in
survivability between the two studies. Overall, linear
systems survive a higher earthquake percentage (26 %) than
bilinear systems (23 %), There is no case where the bilinear
systems survive a larger earthquake than the linear systems.
Systems S, 6; 7.and 8 survive the same earthquake magnitude.
For these systems, large cap areas are present and the Douglas
fir caps do not undergo plastic deformation. In every other
case, the cap does plastically deform causing the Douglas fir
to incur permanent set thus causing eariller side block

liftoff.
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This comparison shows that Hepburn's 1] bilinear
analysis wvas more conservative by approximately 10 percent.
The bilinear analysis i{s a more cumbersome method. The linear
method can be used to approach an adequate design, then the
bilinear method can Dbe used to fine tune the design to assure

survivability.

6.1 Earthquake Site Specificity

Earthquakes differ widely in magnitude, frequency. and
auration. Their effect on local structures is also dependent
on the immediate geological characteristics of the surrounding
area. For this reason, using the 1940 El Centro earthquake
acceleration time history alone is not consideredq adequate to
develop a satisfactory submarine drydock blocking system

design.

In the case of the 1 October 1987 Whittier earthquake,
measured ground acceleration varied tremendously depending on
the distance and directiocn from the epicenter. In addition,
some areas further away from the epléenter felt larger
accelerations than closer locations, Appendix 4 contains a
report from the California Division of Mines and Geology [9)

regarding the data from the Whittier earthquake .
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The frequency spectrum  of the recorded ground
accelerations also depend on 1oc;1 geological conditions (9]
C143. Dry d4ock # 2 at Long Beach Naval Shipyard, where
accelerations were measured, is located approximately 20 miles
from the epicenter of the Whittier earthquake (15]. Figure
(6.,3) {s a map produced by the California Division of Mines
and Geology (9] which shows the locations of the epicenier and
Long Beach Naval Shipyard. The ground acceleration was

reduced from 0.45 ¢'s peak acceleration near the epicenter to

0.052 g's peak in dry dock # 2.

In addition the dominant frequency of the earthquake was
reduced from approximately 2 HZ2 near the epicenter to near 1
HZ 1in dry dock # 2. Mr. Lew from the Naval Civil Engineering
Laboratory [14] stated that this reduction in frequency was
not unique to the dry dock. This frequency was experienced

throughout the Los Angeles harbor area.

Mr. Lew [14] stated that dry dock # 2 is sitting on an
aquifer which exhibits dynamic characteristics similar to a
solid. Along the sides of the dry dock is a layer of solid
material rising approximately 10 feet above the aquifer. A 30
foot deep hydraulic layer exists above this solid material.
Above this is a compacted land fill layer. This combination
of geological properties around the dry dock contributes to
the relatively low ground acceleration frequencies

experienced.
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In order to make a valid comparison between the effects
of using the 1940 E1 Centro earthquake and the dry dock # 2
acceleration time histories, the dry dock's accelerations are
normalized to the El! Centro's magnitudes, The energy content
of an earthquake depends on the magnitude of its ground
displacements and the earthquake duration {17]. The amount of
energy that an earthquake imparts to a structural system
depends on the earthquake's frequency content relative to the
natural frequencies of the structure. It also depends on
relative impedance or mobility of the structure relative to
the ground. The Richter scale, which s measure of the
earthquake's energy., is based primarily on the 1log of the

earthquake peak displacement.

To normalize the dry dock # 2 earthquake, the first step
is to make the two earthquakes' acceleration time histories
the same duration, 20 seconds. The El Centro earthquake is
truncated by using the first 20 seconds, the most violent part
of the earthquake. The dry dock # 2 acceleration time history
was originally approximately 16 seconds in duration, To
create a 20 second duration, the last four seconds of the
record is multiplied by an exponential decay factor and added

on to the end of the existing record.
Next, the dry dock # 2 accelerations are normalized to

the same magnitude of El Centro by multiplying by a factor of

10.97. This factor is obtained by dividing the peak
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displacement of the El1 Centro earthquake (14.61 cm) by the

peak displacement of the Adry dock # 2 earthguake (1,33 cm).

Figure (6.6) shows the 1940 El Centro earthquake
acceleration time history and the normalized dry dock # 2
acceleration time history. It is clear from these plots that
the excitation frequency of the normalized earthquake is much
lower than that of the El1 Centro. These two earthquake
acceleration time histories are used in this thesis for system

design development.

It is clear from previous analysis that both a low
stiffness design approach using isolators and a high stiffness
design approach using wale shores are both viable. Using a
higher frequency-+earthquake 1ike the E] Centro s a more
conservative approach for a high stiffness design. Similarly
a lower frequency earthquake like the normalized dry dock # 2
accelerations is a more conservative approach for a low

stiffness design.

Figures (6.7) and (6.8) are the response (or shock)
spectra for the dry dock # 2 and the 1940 E1 Centro (73]
acceleration time history respectively. These figures show
the dominant frequencies of these earthquakes. El Centro's
dominant frequency is approximately 2 HZ for the S % damping
case used in this thesis. For dry dock # 2 this dominant

frequency is approximately 1 HZ again using 5 % damping.
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6.2 System Survivability Frequency Dependence

0

To determine the dependence of system survivability on
system natural frequency. a plot 1is made, figure (6.9),
showing El! Centro earthquake survivability versus mode 1
(fundamental) frequency. All eleven systens' mode 1
frequencies using Sigman's, bilinear, 1linear, and 1 inch
rubber cap models are plotted., The natural frequencies for
these systems range from 0.4 to 1.6 HZ with an average around

1 HZ.

There is no correlation between mode 1 frequency and
earthquake survivability for these systems as shown by the
data and the flat best fit line. This {s because the mode |
frequency., the lowest system modal frequency., is sufficiently
below the dominant frequency of the El Centro earthquake, 2
HZ. No dynamic amplification occurs. Significant dynamic
amplification and thus lowered survivability s expected |{f
the system modal frequency is near the earthquake's dominant

frequency.

This 1is precisely what is found when eleven bilinear
systems are excited by the normalized dry dock # 2 earthquake,
Figure (6.10) is a plot of normalized dry dock # 2 earthquake
survivability versus mode 1 frequency. In this case, the
dominant frequency of the earthquake, 1 HZ, corresponds to the

average system modal frequency.
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A clear dependence of system survivablility on frequency is
shown 1in the figure by the best fit curve. The systens with
natural frequencies closest to that of the normalized Ary d4ock

# 2 earthquake has the lowest survivability.

A comparison of the survivability of the eleven submarine
darydock Dblocking systems due to El Centro and normalized dry
dock # 2 earthquakes is shown in figure (6.11). The Qata for
this figure as well as other conmparisons is included 1in
Appendix 4. This figure clearly illustrates the degradation
of system survivability due to resonant frequency effects,
All eleven systems fail at much lower levels when excited by
the lower frequency normalized dry daock # 2 earthquake.,
Overall. system survivability 1is about B8 % for the normalized
ary dock # 2 earthquake compared with 23 % for the El Centro

earthquake.

It is important to emphasis that these low survivability
percentages for submarine drydock blocking systems afe based
on an actual earthquake acceleration time history measured in
a U.S. Naval shipyard dry dock. The validity of this problem
is confirmed by the USS Lea)y case study where a current U.S.
Navy ship drydock Dblocking system failed when subject to a
relatively small earthquake (0,05 g peak acceleration). This
shows the importance of taking frequency dependence into

account when designing an earthquake resistant system.
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CHAPTER 7

ISOLATOR AND RUBBER LOW ‘STIFFNESS DESIGN

7.0 Desjgn Process

Dynamic isolators and rubber caps either singly or 1in
combination are very attractive potential solutions to the
submar ine drydock blocking system survivability problem.
Hepburn C1] studied the properties of Dynamic Isolation
Systenms Inc. (D.1.S.) dynamic {solators and developed a
bilinear model to describe their behavior. Using the
*3DOFRUB" program with the “BILINALL" and “RUBBER"
subroutines, a design study of & blocking system with D.I.S.
isolators and rubber caps is undertaken. The purpose of this
study is to find a 1low stiffness system which survives up to

dry dock failure (0.26 g's).

The first step in the study {s to 1install D.I.S.
isolators 1in place of the oak layer in submarine bldcking
system # 1, the SSBN 616 system used by Hepburn [1)]. The
isolator parameters are the same as Hepburn's., 1In addition,
one inch of natural rubber {s added to the top of the Douglas
fir cap. The 1940 E1 Centro earthquake 18 the exciting

earthquake for the initial portion of this study.

The first result (S unexpected. Using the D.I.S.

isolators without a rubber cap. Hepburn found that the system
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survives 35 % of the earthquake., With one inch rubber cap
without 1isolators, system # 1 survives 32 %. It was expected
that the combination would increase survivability. Actually
it is found that this combination resulted 1in lower (20%)

survivability.

In general. this decrease 18 due to the effect of
multiple modes of vibration. By using either 1 inch rubber
caps or D.l1.S. isolators singly. the system's mode 1 frequency
is driven well below the fundamental frequency of the EIl
Centro Earthquake. At the same time, the system's mode 2
frequency 1is driven lower but still remains well above the

earthquakes fundamental frequency.

By —combinifig the rubber and isolators, the mode 1
frequency 1is driven very low, but the mode 2 frequency is
driven into resonance. From this it became clear that to
develop a successful design, both the mede 1 and 2 systenm
frequencies must Dbe driven well below resonance without
driving mode 3 into resonance. While mode 1 and 2 are
coupled, mode 1 is primarily the system's rotation, and mode 2
is primarily horizontal displacement. Mode 3 is the systenm's

vertical displacement.

Using "3DOFRUB", several runs are made with progressively
less horizontally stiff 1solators. To reduce horizontal

stiffness the values c¢f khs., Kkhk, khsp, kkhp, and the
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associated QD values are decreased. Figure (7.1) is plot of
the 1 inch rubber cap/isolator system survivability versus
mode 2 frequency. The figure shows that as the systens
frequency and horizontal stiffness (s decreased, system
survivability 1increases dramatically. The mode 2 frequency 1s

being driven below the earthquakes fundamental frequency.

Figure (7.1) shows that the system survives a 0.26 ¢
earthquake, however, the horizontal stiffness required is
reduced by 60 % from the original rubber/isolator horizontal
stiffness, To actually construct a system with this
horizontal stiffness would require isolators with extremely
low horizontal stiffness. These isclators may be impractical

to fabricate.

To allow the isclators to have higher horizontal
stiffness the effects of using thicker rubber c&aps s
explored. Figure (7.2) is a comparison of systenm
survivability wusing various rubber cap thicknesses. The use
of 3 1inches of rubber does not significantly shift the
survivability curve toward higher stiffnesses. Therefore, the
use of 6 inch rubber caps is investigated. Six inches |is
considered the practical thickness limit. Rubber caps thicker
than this would tend to be vulnerable to wind loads, but the

wind load problem is not investigated in this thesis,
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The use of six inches of rubber significantly shifts the
survivability curve to the right. as seen in figure (7.2).
Therefore, Six inches 1is selected for the final low stiffness
design solution. Figure (7.3) 1is a comparison between the
various rubber cap thicknesses for a given horizontal
stiffness. This shows the additional benefits of the use of
rubber caps. Increasing the thickness of the rubber improves

survivability by preventing liftoff.

The use of at least one inch of rubber cap is vital.
sSurvivability 3Jjumps from 5% to 70% with the use of just One
inch of rubber. The side block horizontal stiffness used for
the figure (7.3) comparison is the final design stiffness
used, The figure shows that if the rubber cap is removed the
system would survive a much smaller earthquake than the
original system # 1. However, the rubber caps alone cannot
provide a low enough horizontal stiffness to survive up to dry
dock failure. The final low stiffness solution using the 1940
El Centro earthquake survives 72 % (0.32 g's). The data file
and output from "“3DOFRUB" for this solution is included 1in

Appendix S.

Since the normalized dry dock # 2 earthquake has a lower
fundamental frequency, this earthquake is used to test the low
stiffness solution. It is found that the horizontal stiffness
has to be decreased even further for the system to survive the

0.26 ¢ dry dock survival level.

99




EFFECT OF USING RUBBER CAPS & ISOLATORS
WITH KHS 455 K

R T o
ooooooooooo
mmmmmmmm




’ "‘"-

i At

(AL S e
Y R S P

The final survival level is 0.28 g's (63%). This new Jlow
stiffness solution {is recommended {f the rubber/isoclator

method is used.

From this solution, the parameters of the required
individual dynamic isolators has to be determined. This is
accomplished by using the blocking pier stiffness spreadsheets
included {n Appendix S. These are the same spreadsheets as
used to calculate the blocking pier stiffnesses, They are
used to calculate the individual 1isolator properties Dby

working backwards.

The 1isolators' parameters are determined as follows.
First, the spreadsheet for determining blocking pler
horizontal stiffness is used, Knowing the pler's overall
stiffness and dimensions and knowing the properties of all the
other layers, the only parameter that could be varied to give
the proper total pier stiffness 1is the isolator's modulus of
elasticity., & By varying £Zuntil the correct pier stiffness
is obtained, the correct value of £ for the (isolator (s
obtained. Next, to determine the horizontal stiffness of an
individual 1isolator., all the other blocking pier layers are
made infinitely stiff except for the 1isoclator. Wwith the
isolator £ value known, the value of individual {isolator
stiffness s given by the spreadsheet. This procedure is used

to determine first stiffness 1ine (elastic) and second
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stiffness 1line (plastic) isolator parameters for both the keel

and side block systems.

The QD values for the isclators are determined using the

following equation:

QD = XEL* (KU-KD) (7.1)

where:

XEL is the elastic limit for the original isolator., used by
Hepburn (1l1.,in inches.

QD is the restoring force intercept of the second stiffness
slope for the isolator.

KU is equal to the elastic stiffness of the isolator.

KD is equal to the plastic stiffness of the isolator.

Table 7.1 are the original isolator parameters used by
Hepburn ([11]. Using the same XEL values as the original
isolators the value of QD 1is determined by applying equation

(7.1)

102

Bl




T TN R TR

TABLE 7.1
ORIGINAL D.I1.S. ISOLATOR
PARAMETERS
SIDE ISOLATOR KEEL ISOLATOR
XEL: 0.285 in 0.400 in
QD: 4.55 kips 11.03  kips
KU s 17.8 kips/in 31.31 kips/in
KDz 1.83 kips/in 3.72 kips/in
Kvert : 850 kips/in 1845.83 kips/in

(where Kvert is the vertical stiffness of each isolator)

TABLE 7.2
FINAL LOW STIFFNESS DESIGN ISOLATOR
PARAMETERS
SIDE ISOLATOR KEEL ISOLATOR
XEL: 0.285 in 0.400 in
QD: 0.638 kips 1.15 kips
KU: 2.75 kips/in 3.36 kips/in
KD: 0.51 kips/in 0.49 kips/in
Kvert: 850 kips/in 1845.83 kips/in
103
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The manufacturer (D.I.S.) of the isolators was contacted
once the parameters of the required isolators were Kknown.
D.I.S. Vice President for Engineering, Buckle (18], stated
that an isolator with these required parameters would be
impractical to build., However, he stated that an jisolation

system of equivalent properties could be built using higher

stiffness isolators on every fourth block.

The blocks without isolators would have low friction
sliders which carry the vertical locad and provide no
horizontal stiffness, These sliders would be coated with a
low friction material such as teflon. Such sliders, according
to Buckle, are used extensively 1in bridge iscolation systems.

The final low stiffness solution does incorporate sliders.
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7.1 Description of the Low Stiffness Solution

Figure (7.4) is a 2D drawing of the recommended low
stiffness submarine drydock bloccking system solution., This
solution survives 63 % (0,28 g's) of the normalized dry dock #

2 earthquake. The design includes the following features:

1, Isolators will be placed in every fourth keel and
side Dblocking pier. All other blocking piers will
contain sliders.

2. All Kkeel and side block pilers are rigidly attached
to the dry dock floor to prevent overturning.,

3. A steel carriage is used to rigidly tie the caps
together transversely to prevent sliding. It also
ties the system together longitudinally so the
isolators provide a restoring force to entire
system.

4. The steel carriage 1is only rigidly attached to the
blocking piers containing 1isolators., It is free to
s)lide on all other piers.

S. A 6" rubber cap is used on top of the steel carriage
to help prevent liftoff and to aid the isolators in

decoupling the submarine from ground acceleration.
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The "3DOFRUB" program could not completely model this
system directly. Therefore, a few changes to the data file
are required to simulate this systenm. First, the keel and
side Dblock widths are made extremely wide to simulate rigid
attachment. The block on block friction coefficient is made
extremely high to simulate the caps' rigid attachment to the
steel carriage. The model used has the isolators attached to
concrete Dblocks instead of to the dock floor; however, the
stiffness of the i(solators is so low compared to the concrete

that this has no effect on the rexzults.

7.2 Response of the Low Stiffness Solution

The response plots analyzed in this section for the low
stiffness solution are due to excitation by 63 % of the
normalized dry dock # 2 earthquake. The natural frequencies
of the 1low stiffness solution are such that the lower
frequency normalized dry dock # 2 earthquake produced lower
levels of survivability, 63%, compared to the higher frequency
1940 E1 Centro earthquake, 72%., The normalized dry dock # 2
earthquake was used to produce the output plots because it had
lower frequencies and produced a lower level survivablility;
therefore, it was the more conservative earthquake to use in

analyzing the low stiffness design.
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Figure (7.5) is a plot of the keel horizontal
displacement relative to the dry dock floor as a function of
time., This plot shows that the low stiffness solution has
very large horizontal relative displacements associated with
it. The maximum keel displacement seen in this figure, about
6 1inches, is typical for base isolated structures according to
Buckle (181, The displacements are large; however., they have
a 1low frequency and are smooth which means the submarine is
experiencing low velocities and accelerations. This
horizontal displacement response (s extremely different from
that of the exciting acceleration shown in figure (6.6). This
illustrates the horizontal decoupling effect of the

rubber/isolator systems.

These 1low accelerations can be seen in the keel Dblock
horizontal force versus time plot in figure (7.6). The high
stiffness solution discussed in chapter 8 has keel block
horizontal forces which are larger by an order of magnitude.
Figure (7.7) shows the rotational response of this system.
This figure is a plot of the systems rotation about the keel
versus time, This plot shows that the rotations are
relatively large, but smooth and low 1in frequency. This
response s also extremely different from that of the exciting
acceleration and shows the rotational decoupling of the
rubber/isolator system. However , figqure (7.8) shows that the
vertical displacement is more closely coupled with the

earthquake's vertical acceleration (figure (6.5)).
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The bilinear behavior of the dynamic isolators is clearly
shown 1n figure (7.9). This figure shows the keel restoring
force versus horizontal displacement. The two stiffness
slopes are evident. If during an earthquake excitation loop
the 1solator does not go plastic., the force oscillates up and
down the elastic stiffness slope as can be seen in the figure,
The total area 1inside all oOf the hysteresis loops 1is the
amount of energy the 1solator dissipates from the system
during the earthquake. This hysteretical damping 1is one of

the key benefits of using D.I.S. isolators.

The forces on the left side blocks, keel Dblocks, and
right side blocks are shown 1in figures (7,10 through 7.12)
respectively. The first key thing to note about these three
figures 1is that at time 2zero the total force on all three
blocking systems is the weight of the submarine. The keel
block system's load 1is 12000 kips (70 %), and each side block

system's lcad is 2300 kips (15 %),

The side block force is mostly due to rotation of the
submarine as can be seen by its similarity to figure (7.7)
which 1is the plot of system rotation. The other significant
feature of the right and left side block plots 1is that the
forces are 180 degrees out of phase which is consistent with
the physical situation, The forces on the keel are due to a

combination of static load and vertical displacement.
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The displacements of the left side blocks, keel blocks,
and right side blocks are shown in figures (7.13 through 7.15)
respectively. At time 2ero. the plots represent the static
deflection caused by the submarine's weight. In this case all
three systems initially have the same displacement., This must
be the case |{f the submarine is assumed tO be a rigid body
which it is, The 1initial displacement s approximately one
inch into the rubber cap. The plots show that liftoff does
not occur; however, for the left side block system 1iftoff
came within 0.1S inches of occurring. For the right side

block the system only came within 0.4 inches of l1iftoff.

The differences between the right and left side block
response (s due to the random nature of the exciting forces.
The overall range of the displacements is very close to being
the same. Even though the forces experienced by the keel
blocks are much higher than those on side blocks, the relative
vertical displacement of the keel blocks 1is very small
compared to the side blocks. This is because the side blocks
are nmuch less stiff vertically than the keel blocks, and the
keel Dblocks are not subject to rotation. These plots show
that the model 1is producing reasonable response output. They

provided an excellent check of the "3DOFRUB" computer program.
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Finally, figures (7.16 through 7.18) show the bilinear
behavior of the rubber caps. The plots show that the keel
blocking system starts out and remains on the second rubber
bilinear stiffness slope. For the side blocks, the plots show
that both sets of side blocks experienced both rubber bilinear
stiffness slopes. One very interesting issue seen in figure
(7.16) 1is that as the left side Dblock system unloaded, the
rubber bilinear behavior significantly delays and prevents
side block liftoff from occurring. The smaller slope near
zero load helps to keep the submarine in the side blocks.
This 1is the primary reason rubber is a superior material for

use as a blocking system cap.
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CHAPTER 8

WALE SHORE HIGH STIFFNESS DESIGN

8.0 Design Process

As was shown 1in the section S.1 wale shore parametric
study, the use of wale shores {s also a promising solution to
the submarine drydock blocking system survivability problem.
The use of wale shores increases system survivability by
reducing the rotation and horizontal displacement of the
submarine during the earthquake. Wale shores also shift the
horizontal and rotational modal frequencies well above the

fundamental frequencies of the earthquake.

From the wale shore parametric study, it is found that
using wale shores with stiffnesses greater than or equal to
6000 kips/in along with one inch rubber keel and side block
caps produce system survivability well 1in excess of 4ry dock
failure. This 1is illustrated 1in figure (S.4). In order to
compare the high stiffness solution with the 1low stiffness
solution described in chapter 7., a system which survives 72 %
of the 1940 E1 Centro earthquake is designed. The input data
file and the output file from "3DOFRUB", which realize this
level of survivability, 1is included 1in Appendix 6. Also
included 1in this appendix is the output file for this system

using the normalized dry dock # 2 earthquake excitation.
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The 72 % (0.32 ¢g's) survivability level is desirable to
give the system a reasonable factor of safety above the 0.26 ¢
dry dock failure level. For the low stiffness design only 63
% (0.28 ¢g's) survivability could be attained due to excitation
by the normalized dry dock # 2 earthquake before practical
manufacturing 1limits of the isolator system are reached. This

level of survivability is still considered acceptable.

The next step in this study Is to determine how to
practically realize this design. Once the required total
stiffness oOf the wale shores is determined, the actual number
and dimensions of the individual wale shores has to be found.
The first assumption made is to design the wale shores for
Long Beach Naval Shipyard dry dock # 2, which 1is a typical
U.S. Naval shipyard graving dock. This requires the lengths
of the wale shores to be approximately 32 feet when supporting

a system 1 submarine.

Since the wale shores are compression elements vulnerable
to buckling., based on Hughes (19] wide flange steel sections

are chosen for the wale shores. 1In order to minimize Ary dock

production interference and to avoid overstressing the

submarine, wale shores are only placed over existing side
block pier locations. Therefore, the wale shores would bear
on the submarine ring stiffeners. To determine the required
individual wale stiffness, the number of wale shores s first

assumed to be seven. Then a spreadsheet similar to that used
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to calculate blocking pier vertical stiffness (s used to
deternine what steel section is required to give the necessary
overall wale shore stiffness. This spreadsheet is included in

Appendix 6.

It is assumed that each wale shore would consist of a
layer of rubber, a half inch steel backing plate, and a wide
flange steel beam. To prevent separation of the wale shore
from the submarine during the earthquake the wale shore |is
initially compressed against the submarine using an hydraulic
jack ., A satisfactory steel section is found using a steel

wide flange beam design table in Popov ([20].

Once a section 1is selected, it is tested for buckling

survivability using the following procedure:

1. Using Hughes' column design curves [(19), a value of
ultimate stress for a single wale shore is obtained.
The appropriate curve for a wide flange (universal
column) s selected., This curve takes into account
eccentricities in the bean.

2. To enter the curve a yield stress is required.
33000 psi mild steel is used.

3. Next, a slenderness ratio, Le/r , is needed. This
is obtained from Popov [20]. For simply supported

conditions Le is equal to the length of the beam.
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The value of r, the radjus of gyration, is found
from Popov's beam design table.

4. The actual stress in the beam then has to be
aetermined. This is accomplished by determining the
force 1in the wvale shore and dividing it by the
sectional area of the beam, A... The equations for

the wale shore stress, q‘;.. are as follows:

( we = R/AL ‘ (8.1)
R = KSp'*X'max + F, (8.2)
F, = (D, - XEL)*ksp' + Arue* ( vue (8.3)
XEL = (A uu*  ~un)/ks’ (8.4)
Dy = X'max ‘ (8.5)

where:

R = maximum total force seen by an individual wale shore.
It includes the maximum earthquake forces and the
initial compressive forces applied by the hydraulic
jack.

ksp' is the total stiffness of an individual wale shore
when its rubber cap is operating on its second
bilinear stiffness slope,

X'ma~ 18 the maximum horizontal deflection seen by the
wale shore as determined from the output of
“3DOFRUB" using the height of the wale shore above

the keel, AAA, the rotation angle theta., and the

keel horizontal displacement Xx.




2

F,, the jacking force, is the initial force applied to
wale shore by the hydraulic jack to prevent
separation.

D; is the initial deflection of wale shore caused by the
jacking force.

XEL is the elastic limit deflection where the wale shore
stiffness changes slope.

A..» 18 the cross sectional area of the rubber cap of the
wale shore.

§T'wun is the stress at which the rubber cap changes
stiffness.

ks' 1s the total stiffness of an individual wale shore
when its rubber cap is operating on its first
bilinear stiffness slope.

-

S. The final check for buckling requires that (J .. is
less than (T ..... In order to meet this requirement
and maintain a reasonable wale shore size the number
of wale shores has to be increased to 14, Table 8.1
lists the parameters obtained for the final high
stiffness wale shore design which satisfies the

buckling criteria.
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Table 8.1
FINAL HIGH STIFFNESS DESIGN WALE SHORE
PARAMETERS
# wale shores: 14 per side
Section: 27x14 WF 145 mild steel
r 3.09 inches
Length (Le): 385 inches
Les r: 123.3
ks': 134.1S kips/in
ksp': 437,51 kips/in
XEL: 0.36 inches
G e 9095 psi
T et 13500 psi
)2 138.79 kips
D,. 0.57 inches

It 1is assumed that during the earthquake the wale shore
stiffness remains equal to ksp'. The wale shore is designed
so that there is a large enough rubber cap and enough initial
compression supplied by the jack so that the wale shore never
loses contact with the submarine during maximum horizontal

displacement and rotation during the earthquake.
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8.1 Description of the High Stiffness Solution

Figure (8.1) Is a 2D drawing of the recommended high
stiffness submarine Adry dock blocking system solution., This
solution survives 72 % (0.32 ¢g's) of the 1940 El1 Centro
earthquake and 75 % (0.34 g's) of the normalized dry dock # 2
earthquake. The design includes the following features:

1. 14 wale shores are placed directly over the side
block positions at a position half the diameter of
the submarine up from the Kkeel. They are attached
to the dockside by a hinge-pin-jack assembly as
shown 1in figure (8.2). Cables are used to support
and align the the wale shores.

2. Each wale shore is 32 feet 1long. Table 8.1
describes the steel section used. A three inch
rubber cap is placed between a backing plate and the
submarine hull. A 70 ton jack is used to pre-
compress the wale shore against the submarine to
prevent separation during the earthquake.

3. The keel and side concrete blocking piers are
rigidly attached to the dry dock floor to prevent
overturning.

4. A steel carriage is rigidly attached to the caps and
concrete blocking piers to prevent sliding. It also
ties the system together longitudinally.

S. A one inch rubber cap is used on top of the steel

carriage to help prevent 1iftoff,
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The “3DOFRUB" program could not completely model this
system directly. Therefore, a few changes to the data file
are required to simulate this systenm, First, the keel and
side Dblock widths are made extremely wide to sSimulate rigid
attachment. In addition, the block on block friction
coefficient is made extremely high to simulate the caps' rigid
attachment to the steel carriage. The stiffness of the wale

shores is assumed to remain On the second stiffness slope.

The response plots analyzed in this section for the high
stiffness solution are due to excitation by 72 % of the 1940
El Centro earthquake. The natural frequencies of the high
stiffness solutigh‘are SO0 high that both the 1940 El Centro
and the normalized dry dock # 2 earthquake produce similar
levels of survivability (72% and 75%). This is an indication
that the procedure wused in section 6.1 to normalize the dry
dock # 2 earthquake with the 1940 El1 Centro earthquake was
done correctly. The 1940 E1 Centro earthquake is used to
produce the output plots because it has higher frequencies and
produces a lower 1level survivability; therefore, it is the

more conservative earthquake to use 1in analyzing the high

stiffness design.

Figure (8.3) is a plot of the keel horizontal

displacement relative to the dry dock floor as a function of
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time. This plot shows that the high stiffness solution has
i relatively small horizontal displacements associated with it.
5 However, the displacements are high 1in frequency and have

abrupt transitions which means the submarine is experiencing

high velocities and accelerations. This output s closely
coupled to the horizontal earthquake excitation shown in

figure (6.6).

These high accelerations can be seen in the keel block
horizontal force versus time plot 1in figure (8.4). The high
stiffness solution has keel block horizontal forces which are
larger than the low stiffness forces described in chapter 7 by
an order of magnitude. Figure (8.5) shows the rotational
response of this system. This figure is a plot of the systems
rotation about the keel versus time. This plot shows that the
rotations are relatively small as is expected with use of wale
shores. Figure (8.6) shows that the vertical displacement is
coupled with the earthquake's vertical acceleration as is the
case for low stiffness solution. Figure (8.7) is a plot of
the left wale shore deflection versus time. In this figure, a
positive deflection is compression and a negative deflection
is expansion. The maximum amount of expansion the wale shores

are designed to withstand is 0.57 inches,
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As seen in figure (8.,7), the wale shores 4o not deflect
beyond the maximum expansion limit. Therefore. no separation
of the wale shores from the submarine occurrs during this
ear thquake. Without precompression by the jacks, the wale

shore would have separated from the submarine.

The forces on the left side blocks, keel blocks, and
right side blocks are shown 1in figures (8.8 through 8.10)
respectively, In these three figures, at time zero the total
force on all three blocking systems is the weight of the
submarine. The keel block system's load is 12000 kips (70 %),

and each side block system's load is 2300 kips (15 %).

The side block force is mostly due to rotation of the
submarine as can be seen by its similarity to figure (8.5)
which 1is the plot of system rotation. The right and left side
block plots are 180 degrees out of phase. The forces on the
keel are due to a combination of static load and vertical
displacement, As 1is the case with vertical displacement, the
keel vertical forces are coupled with the vertical earthquake

excitation.
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The displacements of the left side blocks., keel blocks,
and right side blocks are shown in figures (8.11 through 8.13)
respectively. At time zero., the plots represent the static
deflection caused by the submarine's weight. All three
systems initially have the same displacement. The initial
displacement 1is approximately 0,38 inches into the rubber cap.
This static displacement i3 only about one-third of that for
the 1low stiffness solution which has 6 inch rubber caps
instead of 1 1inch. The plots show that 1iftoff does not
occur; however, for the left side block system liftoff came
within 0.0l inches of occurring. The right side block system
also came within 0.01 inches of liftoff., Even though the high
stiffness solution is closer to side block 1iftoff than the
low stiffness solution, since the range of displacement of
side Dblocks is much less for the high stiffness soluticn the
susceptibility of liftoff for both solutions is approximately

the same.

Finally. figures (8.14 through 8.16) show the bilinear
behavior of the rubber caps. The plots show that the keel
blocking system starts out and remains on the second rubber
bilinear stiffness slope. For the side blocks, the plots show
that both sets of side blocks experience both rubber bilinear
stiffness slopes. Figure (8,16) shows how close the right
side Dblock is to lifting off., This is reasonable considering
failure occurs at a one percent higher earthquake magnitude

due to side block liftoff.
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CHAPTER 9

SUMMARY., CONCLUSIONS, AND RECOMMENDATIONS

9.0 Summary of Results

This thesis described the development of the three degree
of freedom submarine drydock blocking system design package
based on the "3DOFRUB" computer program. The differential
equations of motion are developed to include the effect of
high blocking systems and wale shores. The sliding failure
mode is modifjied to more accurately take into account the

effects of cap angle.

A case study is undertaken 1involving the earthquake
sliding failure of the UsS Lealy (CG-16) while in a graving
dock at Long Beach Naval Shipyard. This study verifies the
accuracy and usefulness of the "3DOFRUB" program. A
parametric study is conducted to determine the effects of wale
shores, 1isolators, and block stiffness and geometry variations
on system survivability. The effects of wusing earthquake
acceleration time histories with differing frequency spectrums

on system survivability is studied.

Eleven submarine drydock blocking systems are studied
using linear wood <caps, bilinear wood caps for two different
earthquakes, and one inch bilinear rubber caps. None Of these

systems survive to dry dock failure (0.26 g's) or even met the
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U.S. Navy earthquake acceleration survivability criteria (0.20
g's)., This shows that current ﬁ.s. Navy submarine drydock
blocking Systems are inadequate to survive expected
earthquakes. Figure (9.1) 1illustrates the survivability

levels of the various systems studied,

Two AQesign solutions are found that met the dry dock
failure requirements. The low sStiffness solution uses dynamic
isolators and rubber caps, and the high stiffness solution
ugses wale shores and rubber caps. The survivability of these
two solutions when excited by the 1940 El Centro Earthquake is
plotted in figure (9.2), This figure also includes the
survivability of submarine system 1 using linear and bilinear
wood., one inch rubber caps, and dynamic isolators. Both of
the solutions have the same survivability level, and provide a

reasonable margin of safety over the dry dock failure level.
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9.1 Conclusions

Both of the design solutions survive beyond the dry dock
failure level; however., each of the designs have their own
advantages and disadvantages. Figure (9.3) is a comparison
between the keel block displacements for the wale shore
solution and the isolator solution when excited by their
respective design earthquakes., It is evident from this figure
that the wale shore solution virtually prevents the submarine
from moving horizontally relative to the dock floor. The
isolator solution allows relatively large horizontal
displacements to occur. Figure (9.4) is a comparison of the
rotation of these two systems. Again, the wale shores are

reducing movement.

The primary difference between the two design solutions
is 1illustrated in figure (9.5). This figure is a comparison
between the side block horizontal forces experienced by each
solution. As seen in this figure, the wale shore system
experiences forces which are an order of magnituae higher than

those seen by the isclator solution.
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The forces seen by the wale shore solution are also much
more abrupt and higher in frequency. As expected, the wvale
shore solution very closely follows the earthquake. The wale
shore high stiffness solution almost rigidly attaches the
submarine to the dry dock. Therefore, personnel and equipment
inside the submarine will experience the full acceleration

magnitudes of the earthquake.

The isolator solution nearly uncouples the submarine from
the dry dock so that the submarine remains almost fixed in
space while the dry dock vibrates beneath. The accelerations
experienced by the submarine are an order of magnitude less
than the earthquake accelerations. This substantially
improves the safety of personnel and equipment inside the
submarine. Even though submarines are designed to withstand
large shock factors, when a submarine is in dry dock much of
its equipment and machinery may be open for repairs. In
addition, the shocks accompanying an earthquake may last well
over one minute as opposed to the very short duration of a an

explosion shock wave.

Both of the design solutions can be constructed; however,
there are some cost and interference concerns. The wale shore
solution will interfere with access to the dry dock to some
degree, although the wale shores could be used as utility runs
and staging platforms. This solution's impact on the dry dock

itself is non-trivial. The installation of 28 hinge
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assemblies along the dockside will be a major dry a@ock
modification. In adaition., the steel carriage and dry dock
floor attachment fixtures are major changes to current
drydocking practices and will require significant design and

construction efforts,

Most of the modifications required to the blocking system
and dry dock are within the capability of shipyards to
accomplish. After a drydocking evolution has been completed.,
many additional manhours will be required to install the wale
shores. One wale shore per side can be removed for production
reasons while still meeting the survivability criteria. The
use of the steel carriage and rubber caps might reduce the
hours required to layout a blocking system. The measurements
of the system would be 1locked into the construction, and it
would be easier and faster to assemble this blocking system
with cranes., The use of rubber and steel 1in the blocking
system 1is much more reliable than the present ocak and Douglas

fir.

The isolator solution may be the more expensive solution
" due to the large number and high cost of the dynanmic
isolators. However, this solution offers less production
interference and a substantial increase in submarine personnel
and equipment safety. The actual blocking system size
increese will be limited to the cross-connections of the steel

carriage, but significant changes will still be required to
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the dock floor to allow rigid attachment. Again, the use of
the steel carriage and rubber caps should reduce the layout
time of the drydock blocking system. Even though the
submarine may move up to six inches horizontally during an
earthquake using isolators, this motion s acceptable |if
appropriate precautions are taken in rigging services and

platforms.

Considering the almost certain occurrence of a major

earthquake 1in the proximity of a U.S. Naval shipyard where

_ submarines can be drydocked within the next 20 years, the

expeditious incorporation of one of these design solutions

into U.S. Navy drydocking standards is strongly recommended.

9.2 Recommendations for Further Study

It is highly recommended that the following areas be
investigated to further verify the feasibility of the proposed
designs:

1. Study the effect of the wide range of existing wood
blocking material properties on pier stiffness using
statistical analysis.,

2. Conduct additional tests on wood blocking materials
to determine their properties when loaded at angles

to the grain normally seen ir a blocking system.
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3. Conduct tests on rubber cap material in order
determine its stiffnesé and rigidity behavior under

biaxial loading.

sliders required for the low stiffness solution need
to be designed in detail.
5. The steel carriage assembly for both solutions needs
. to be designed.
' 6. The required dry dock structural modifications need
to be determined.
i 7. The design solutions need to be verified using model
tests employing shaker tables and scale models.

8. A detailed earthquake site specific study needs to

4. The specific dynamic 1isolator and the associated 1
be accomplished. This would include the
instrumentation of all graving docks susceptible to 1
earthquakes 1in order to increase the data base. The
proposed designs should be checked against a full
range of different earthquake acceleration_ time
histories.
9. Sur face ship blocking systems need further
examination. This should 1include modeling the
flexibility 1inherent in surface ships. The problem

of surface ship's significant 1longitudinal block

loading distribution should also be taken into

account.
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10.

The final design solution for use in Navy dry docks
should also take into account the longitudinal

excitation and response of the blocking system.

165




.

R
H

10.

11,

12,

R nces

Hepburn. Richard D.. "Non-linear Material Three Degree of
Freedom Analysis of Submarine Drydock Blocking Systems",
M.I.T. Thesis, May 1988,

Sigman, Dale, E.. "The Coupled Three Degree of Freedom
Motion Response of a Drydocked Submarine to Seisnmic
Load”., MIT Thesis, May 1986.

Karr, Dale G., "“Docking Under Seismic Loads”, Final
Report to CASDE Corporation for the Naval Sea Systenms
Command Structural Integrity Division, June 1987.

U.S. Navy. ,NAVSEA Technical Manual $9086-7G-STM-000,
Chapter 997, Revision 1 "Docking Instructions and Routine
Work in Drydock",.

Information in enclosure to letter to author from Tingley
K. Lew, Structures Division Code LS51, Naval Civil
Engineering Laboratory, Port Hueneme, California, 19
January 1988.

U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, National Geophysical Data
Center Code E/GC., "Digital Strong Motion Data", Boulder,
Colorado, October 1987,

Paz, Mario, Micro Computer—-Ajded Engineering Structural
Dynamics. von Nostrand Reinhold Company., New York, 1986,

Baumeister, Theodore., Editor-in-chief., et al, Marks
Standard Handbook for Mechanjcal Engineers, Eighth
Edition, McCraw Hill Book Company., New York, 1978, pp 3-
29.

Shakal, Tony. "CSMIP Records from Whittier Earthquake of
October 1, 1987". California Strong Motion
Instrumentation Program (CSMIP), Division of Mines and
Geology., Department of Conservation, State of California,
October 3, 1987

U.S. Department of the Navy, Naval Sea Systems Command,
Long Beach Naval Shipyard, "Drydocking Facilities
Characteristics", Long Beach Naval Shipyard. March 198S5.

Kinemetrics Systems brochure, "SMA-1 Strong Motion
Accelerograph", Kinemetrics Systems, Pasadena,
California, 1986.

Gillmer, Thomas C., and Bruce Johnson, Introduction to
Naval Architecture.,Uniteq States Naval Institute,

Annapolis, Maryland, 1982, p. 272.

166




R R LR

&

B

13.

14.

15.

16.

17

18.

19,

20.

Rabinowicz, Ernest., Lecture, "Tribology", M.I.T., Course
2,800, Fall 1987.

Telephone conversation between Tingley K. Lew., Structures
Division Code LS1, Naval Civil Engineering Laboratory.
Port Hueneme, California, and LCDR Richard D. Hepburn.
M.I.T. Graduate Student, 1 February 1988.

Information in enclosure to letter from Tingley K. Lew.,
Structures Division Code LS1, Naval Civil Engineering
Laboratory, Port Hueneme, California, to LCDR Richard D.
Hepburn, M.1.T. Graduate Student, 19 January 1988.

Telephone conversation between Ian G. Buckle, Vice
President for Engineering Dynamic Isclation Systens
Incorporated, Berkeley, California, and LCDR Richard D.
Hepburn, M.I.T. Graduate Student, January 1988.

Meirovitch, Leonard., Elements of Vibratjon Analysis,
McGraw Hill Inc.., New York, 1975, p. 56-57.

Telephone conversation between lan G. Buckle, Vice
President for Engineering Dynamic Isclation Systens
Incorporated, Berkeley, California, and LCDR Richard D.
Hepburn, M.I.T. Graduate Student, February 1988,

Hughes, Owen, Structur : -
Computer-Aided, Optimization Approach, John Wiley & Sons,
New York, 1983, pp. 396-399.

Popov, Egor P., Introduction to Mechanics of Solids,
Prentice-Hall, Inc., Englewood Cliffs, New Jersey., 1968,
pp. 531,557,

167

R T




APPENDIX 1

1, "3DOFRUB" Computer Program Listing

2. "ACCLINPT" ,"BILINALL","RUBBER", and
"RESPALL" Subroutine Listings

3. Sample Input Data File and Output File
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A 4

D Line#

1

“3DOFRUB"” Computer Program Listing

Page 1
03-11-88
16:50:34
7 Microsoft FORTRAN77 Vv3.20 02/84

stitle: ’*3DOFRUB’
snofloatcalls
s$storage: 2

a OO0 0aa0n

NON-LINEAR THREE DEGREE OF FREEDOM SYSTEM RESPONSE
USING FOURTH ORDER RUNGE-KUTTA METHOD
AND BILINEAR VERTICAL & HORIZONTAL STIFFNESSES
WITH HORZ/VERT ACCELERATION INPUT
AND DISPLACEMENT OUTPUT FILES
( INCLUDES WALE SHORE EFFECTS & HIGH BUILDUPS
AND THE USE OF RUBBER CAPS)

integer NN, 1,mm,n,hull,nsys, flag1o, 11

integer flagl, flag2, flag3, flagd, flags, flags, flag7, flags
integer KY1,KY2,KY3,KY4, WWW1, YYY1, UUU1, WWW2, YYY2, UUUZ2, WWW3, YYY3
integer UUU3, WWW4, YYY4, UUU4, UUUS, WWWS, YYYS, decrr
realx8 beta,weight,h, Ik,gravity, AAA,Ks,sidearea, keelarea, plside
real ac(2002), acv(2002), xx(2002), yy(2002), tt(2002), rrr(2002)
real*8 m(4,4),cx(4,4),k(4,4),ko(4,4),crit2,crit3d

realx8 baseside, basekeel,htside, htkeel

real*8 dtau, maxx, maxt, maxy, timex, timet

realx8 rfl,rf2,rf3,hfl,hf2, hf3, ampace, mass, ampacmax

real*8 kvs, kvk, kvkp, khs, khk, kshp, kkhp, kvsp, base, counter, time

real*8 timel,time2, tigel, timed, timeb5, timeh, time?, timeB
realx8 x,t,y,xold, told, yold, XSCL(6)
real*8 bbb,ccc,wl2,wl,w22,w2,w32,w3, nodel, mode3
real*8 mmxl, mmangl, mmx3, mmang3, crit4,alpha,LLL

real*8 timey, mmmmml, mmmmm?, mmmmm3, mmmmm4
real*8 R,S, TAU,A(6),B(6),C(68),D(6),E(68),F(6),G(6),HH(6)
real*8 br, amp, plkeel,ul, u2, XPRIM, VEL
realx8 KU1,KD1, khkb,QD1, XEL1, XMAX1, XMIN1,RR1,ZZ21,WZ1, VEL1
realx8 KU2,KD2, khsb,QD2, XEL2, XMAX2, XMIN2,RR2, 272, WZ2, YPRIMI1
real*8 KU3,KD3, kvsbl,QD3, YEL1, YMAX1, YMIN1,RR3,2Z3,WZ3, DELTA
real*8 KU4,KD4, kvsb2, YEL2, YMAX2, YMIN2, RR4, 224, WZ4, YPRIM2, VEL2
realx8 KU5,KDS5, kvkb, QD4, YEL3, YMAX3, YMIN3, RR5, ZZ5, WZ5, YPRIM3
CHARACTER*40 DEC, DECV, quakname, hname, vname
character*40 sbfname, aclfname, outfname, vfname

READ IN VESSEL AND DRYDOCK DATA: VESSEL WEIGHT,KG, I(ABOUT KEEL),
TIME INCREMENT OF DATA POINTS, VERTICAL STIFFNESS OF SIDE AND
KEEL PIERS,HORIZONTAL STIFFNESS OF SIDE AND KEEL PIERS,
GAVITATIONAL CONSTANT,SIDE BLOCK BASE AND HEIGHT,

KEEL BLOCK BASE AND HEIGHT,

BLOCK-BLOCK AND BLOCK-HULL FRICTION COEFFICIENTS,

SIDE AND KEEL BLOCK’S PROPORTIONAL LIMIT,

SIDE PIER-VESSEL CONTACT AREA,KEEL PIER-VESSEL CONTACT AREA,

CAP BLOCK INCLINATION ANGLE.

OPEN INPUT FILES AND READ DATA
write(x,’(a)’) ' ENTER SHIP/BUILDUP FILE NAME ... ’
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3DOFRUB

D Line#

NN -

80
81
62
83
84
8%
66
67
é8
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
80
91
92
93
94
95
96
97
98
98
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

13
12

? Microsoft FORTRAN77 V3.

read(%,’'(a)’) sbfname
open(4,file= sbfname,status='old’, form='formatted’)

read(4,*) weight.h, Ik, kvs, kvsp, kvk, AAA,Ks
read(4, x) khs, khk, kshp, kkhp,QD1,QD2,QD3, gravity
read(4,*) baseside, basekeel,htside,htkeel,ul,u2
read(4,*) br,plside, plkeel,sidearea, keelarea, zeta
read(4,*) hull, nsys, beta, QD4, kvkp
CLOSE (4)

write (*,*) DO YOU WANT RESPONSE OUTPUT FILES? (Y OR N)’
read(%*,’(a)’) dec

if {dec.eq.’Y’.or.dec.eq.’y’) then

write(x,*x) ’INPUT DESIRED RESISTANCE OUTPUT (1,2,3,4,5)’
write(*, %) 'KEEL HORIZONTAL FORCE =

write(*,*) °*SIDE BLOCK HORIZONTAL FORCE = 2‘
write(*,*) 'LEFT SIDE BLOCK VERT FORCE = 3’
write(x,x) 'RIGHT SIDE BLOCK VERT FORCE = 4’
write(x,x) 'KEEL BLOCK VERTICAL FORCE =5’

read(*, x) decrr
endif

do 12,i=1,3
do 13, j=1,3
m{i, j)=0.0

k(i, j)=0.0

ex(i, jy=0.0
ko(1i, j)=0.0
continue

continue -

CALCULATE SYSTEM PARAMETERS

mass=weight/gravity
LLL=sqrt((htside-htkeel)*x2D0+(br/2D0)*x2D0)
alpha=asin((htside-htkeel)/LLL)

m(1l, 1l)=mass
m(1, 3)=h*mass
m(2,2)=mass
m(3.1)=mass*h
m(3,3)=1Ik

k(1,1)=(2D0xKs+2D0Oxkhs+khk)
k(1,3)=(2D0*Ks*xAAA+2DO*khsxLLL*sin(alpha))
k(3.1)=k(1,3)

k(2,2)=(2D0O*xkvs +kvk)
k(3,3)=(2D0*xKs*AAA**x2D0+2D0*khs*( (LLL*sin(alpha) ) *x*2D0)+
+ (2DOxkvs*( (LLL*cos(alpha))*x2D0)-(weight*h)))
ko(1,1)=k(1,1)

ko(1,3)=k(1,3)

ko(3,1)=k(3,1)

ko(2,2)=k(2,2)

ko(3,3)=k(3,3)

DETERMINE NATURAL FREQUENCIES OF SYSTEM
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bbb=-(m(1,1)*k(3.3)+m(3,3)xk(1,1)-m(1,3)*k(3,1)-m(3,1)*k(1,3})
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+ /(m(1,1)*m(3,3)-m(1,3)*m(3,1))
c cee=(k(1,1)*Kk(3,3)-k(1,3)*k(3,1))/(m(1,1)*m(3,3)-m(1,3)*m(3,1))
C NATURAL FREQ. MODE #1

w12=(-bbb-sqrt(bbb**2-4D0%xccc) ) /2D0
wlzsqrt(wl2)

c NATURAL FREQ. MODE #2

w22=k(2,2)/m(2,2)
w2z=sqrt(w22)

c NATURAL FREQ. MODE #3

w32=(-bbb+sqrt(bbb*x*2-4D0*cec) ) /2D0
w3zsqrt(w32)

c MODE SHAPE #1 & #3

model=(m(1,3)*wl2-k(1,3))/(-m(1,1)*wi2+k(1,1))
mode3=(m(1,3)*w32-k(1,3))/(-m(1,1)%xw32+k(1,1))

c DETERMINE C11,C13,C31,C33

mmxl=m{1,1)+m(1, 3)/model
mmangl=model*m(3, 1)+m(3,3)
mmx3=m(1, 1)+m(1, 3) /mode3
mmang3=mode3*m(3, 1)+m(3, 3)
mmmmm] =2DO0*zeta*mmx]*wl
mmmmm?2 =2D0%zetaxmmx3 *xw3
mmmmmn3 =2D0*geta*mmang 1 ¥wl
mmmmm4=2D0%zetasmmang 3 ¥wl

cx(1, 3)=(mmonmml -mmmmmZ2)/(1/model-1/mode3)
ex(1, 1)=mmmmml~(cx(1, 3)/model)
cx(2,2)=2D0xzeta*m(2, 2) *w2

ex(3, 1)=(mmonmmI -mmmmm4 ) / (mode ! -model)
ex(3, 3)=mmmmm3~(cx(3, 1) *model)

c READ IN ACCELERATION DATA

CALL ACCLINPT(amp, ac, acv,dtau, quakname, hname, vname)

c ESTABLISH FAILURE CRITERIA AND FLAGS

crit2=min (ul,u2)
crit3= (6.6D-1xbaseside-1.2D1)/htside
crit4=basekeel /{6D0Oxhtkeel)
ampacc=1D0
counter=0.0
ampacmax=0.0
10000 continue
write(¥, x) ampacc
flagl1=0
flag2=0
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INITIALIZING BILINEAR VARIABLES
INITIALIZING DELTA

if (kvs.eq.kvsp) then
YEL1=0.0
elseif (kvs.ne.kvsp) then
YEL1=QD3/(kvs-kvsp)

endif
if (kvk.eq.kvkp) then
YEL3=0.0

elseif (kvk.ne.kvkp) then
YEL3=QD4/(kvk-kvkp)
endif
DELTA=weight/(2DOxkvs+kvk)
if (QD3.ge.0.0.0r.QD4.d2.0.0) then
kvsblzkvs
kvkb=kvk
goto 100
endif
if (DELTA.1lt.YEL3.and.DELTA.1t.YEL1) then
kvsbl=kvs
kvkbz=kvk
elseif (DELTA.ge.YEL3.or.DELTA.ge.YEL1l) then
kvsblz=kvsp
kvkb=kvkp
DELTA=YEL3+(weight-( YEL3*(2DOxkvs+kvk)))/(2DO%kvsp+kvkp)
endif

continue
INITIALIZING KEEL HORIZONTAL STIFFNESS
KU1=khk
KD1=kkhp
khkb=KU1

if (QDl .eq. 0.0) goto 101
KY1=0
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XEL1=QD1/(KU1-KD1)
XMAX1=0.0
XMIN1=0.0

RR1=0.0

221=0.0

WZ1=0.0

WWW1=0.0

YYY1=0.0

UuU1=0.0

continue
INITIALIZING SIDE BLOCK HORIZONTAL STIFFNESS

KU2=khs

KD2=kshp

khsb=KU2

if (QD2 .eq. 0.0) goto 102
KY2=0
XEL2=QD2/(KU2-KD2)
XMAX2=0.0
XMIN2=0.0

RR2=0.0

222=0.0

Wz22=0.0

WWW2=0.0

YYY2=0.0

Uuu2=0.0

continue
INITIALIZING LEFT SIDE BLOCK VERTICAL STIFFNESS

KU3=kvs
KD3=kvsp

if (QD3 .eq. 0.0) goto 103
KY3=0

YMAX1=0.0
YMIN1=0.0
RR3=kvsbi1xDELTA
223=0.0

WZ23=0.0
WWW3=0.0
Y7Y3=0.0
Uuu3=0.0

continue

INITIALIZING RIGHT SIDE BLOCK VERTICAL STIFFNESS
KU4=kvs

KD4=kvsp

kvsb2=kvsbl

if (QD3 .eq. 0.0) goto 104
KY4=0

YEL2=YEL1

YMAX2=0.0

YMIN2=0.0

RR4=kvsb2*DELTA

2Z24=0.0
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. 298 WZ24=0.0 3.20 02/
' 297 WWW4=0.0
208 YYY4=0.0
299 UuU4=0.0
300
3 301 104 continue
302
303 C INITIALIZING KEEL VERTICAL STIFFNESS
304
305 KU5=kvk
306 KD5=kvkp
307 if (QD4.eq.0.0) goto 105
308 KY5=0
5 309 YMAX3=0.0
310 YMIN3=0.0
F 311 RR5=kvkb*DELTA
: 312 225=0.0
313 WZ5=0.0
314 WWW5=0.0
315 YYY5=0.0
316 Uuus=0.0
317
- 318 105 continue
— 319
320 C IMPLEMENTATION OF EQUATIONS OF MOTION INTO THE
i 321 C RUNGE-XUTTA FORMULUS
322
323 do 301,1=1, 2000
1 324
1 325 C CALCULATE BILINEAR STIFFNESS AND RESISTANCE
1 326
1 327 C CALCULATE KEEL HORIZONTAL BILINEAR STIFFNESS
1 328
1 329 if (QD1 .eq. 0.0) goto 106
1 330
1 331 CALL BILINALL(x, S, khkb, RR1,KD1,QD1,KU1, XEL1, XMAX1, XMIN1,
1 332 + KY1,2Z1,WZ1,WWW1, YYY1,UUUL)
1 333
1 334 106 continue
1 335
1 336 C CALCULATE SIDE BLOCK HORIZONTAL BILINEAR STIFFNESS
1 337
1 338 XPRIM=+x+LLL*t*sin(alpha)
1 339
| 1 340 if (QD2 .eq. 0.0) goto 107
| 1 341 ‘
! 1 342 VEL=+S+LLL*TAU*sin(alpha)
;T 1 343
[ 1 344 CALL BILINALL(XPRIM. VEL, khsb, RR2,KD2,QD2,KU2, XEL2, XMAX2, XMIN2,
: 1 345 + KY2,722,WZ2,WWW2, YYY2, UUU2)
; 1 346
: 1 347 107 continue
| 1 348
‘ 1 348 C CALCULATE LEFT SIDE BLOCK VERTICAL BILINEAR STIFFNESS
1 350
! : 1 351 YPRIM1=-y-txLLL*cos(alpha)+DELTA
' 1 352
1 353 if (QD3 .eq. 0.0) goto 108
1 354 if (QD3 .gt. 0.0) then

. AT AT . - -
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VEL1=-R-TAU*LLL*cos(alpha)

CALL BILINALL(YPRIM1,VEL1,kvsbl, RR3,KD3,QD3, KU3, YEL1, YMAX1,
+ YMIN1,KY3,223, W23, WWW3, YYY3, UUU3)

elseif (QD3 .lt. 0.0) then

CALL RUBBER(YPRIM1, kvsbl, RR3,KD3,QD3,KU3, YEL1)

endif

continue

CALCULATE RIGHT SIDE BLOCK VERTICAL BILINEAR STIFFNESS
YPRIM2=-y+t*LLL*cos(alpha)+DELTA

if (QD3 .eq. 0.0) goto 108
if (QD3 .gt. 0.0) then

VEL2=-R+TAU*LLL*cos(alpha)

CALL BILINALL(YPRIMZ2, VEL2, kvsb2, RR4, KD4, QD3, KU4, YEL2, YMAX2,
+ YMIN2,KY4,224,WZ24, WWW4, YYY4,UUUY)

elseif (QD3 .1t. 0.0) then

CALL RUBBER(YPRIMZ, kvsb2, RR4, KD4, QD3, KU4, YEL2)
endif

continue

CALCULATE KEEL VERTICAL STIFFNESS
YPRIM3=-y+DELTA

if (QD4 .eq. 0.0) goto 110
if (QD4 .gt. 0.0) then

CALL BILINALL(YPRIM3, -R, kvkb, RR5, KD5, QD4, KU5, YEL3, YMAX3,
+ YMIN3,KY5,225, WZ5, WHW5, YYY5, UUUS)

elseif (QD4 .1t. 0.0) then
CALL RUBBER(YPRIMS3, kvkb, RR5, KD5,QD4, KU5. YEL3)
endif

continue

RECALCULATION OF DELTA

if (QD3.ge.0.0.0r.QD4.ge.0.0) then
DELTA=weight/(2DO*kvs +kvk)
goto 120

endif

Paga
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1 414 if (kvkb.eq.kvk) then
1 415 DELTA=weight/(2DO*kvs+kvk)
1 416 elseif (kvkb.gt.kvk) then
1 417 DELTA=YEL3+(weight-( YEL3%(2DO*kva+kvk)))/(2DOxkvsp+kvkp)
1 418 endif
1 419
1 420 120 continue
1 421
1 422 if (QD1.eq.0.0.and.QD2.eq.0.0.and.QD3.eq.0.0.
1 423 + and.QD4.eq.0.0) goto 111
1 424
1 425 C RECALCULATION OF STIFFNESS MATRIX VALUES
1 426
1 427 k(1,1)=(2D0*Ks+2D0xkhsb+khkb)
1 428 k{1, 3)=(2D0*Ks*xAAA+2DOxkhsb*LLL*sin(alpha))
1 429 k(3,1)=k(1,3)
1 430 k(2,2)=(kvsbl+kvsb2+kvkb)
1 431 k(3, 3)=(2D0*Ks*xAAA**2D0+2D0O*khsb*( (LLL*sin(alpha))**2D0) +
1 432 + ((kvsbl+kvsb2)*((LLL*cos(alpha))**2D0)~-(weightxh)))
1 433
1 434 111 DO 3000,11=0,5
2 43% A(l11)=0.0
2 436 B(11)=0.0
2 437 C(11)=0.0
2 438 D(11)=0.0
2 439 E(11)=0.0
2 440 F({11)=0.0
2 441 G(11)=0.0
2 442 HH(11)=0.0
2 443 3000 CONTINUE
1 444 mm=mm+1
1 445 DO 302, NN=1,4
2 446 IF(NN.EQ.1) THEN
2 447 FF=0.0
2 448 ELSE IF (NN.EQ.2 .OR. NN.EQ.3) THEN
2 449 FF=5D-1
2 450 ELSE IF (NN.EQ.4) THEN
2 451 FF=1DO
2 452 ENDIF
2 453 A(NN)=dtau*(R+FF*D(NN-1))
2 454 B(NN)=dtaux(S+FF*E(NN-1))
2 455 C(NN)=dtau*(TAU+FFxF(NN-~1})
2 456 D(NN)=dtaux((-cx(2,2)/m(2,2))*(R+FF*D(NN-1))-(k(2,2)/m(2,2))
2 457 +*(y+FF*A(NN-1))-amp*ampacc*acv(1l)/2.54D0)
2 458 G(NN)=dtaux((-cx(1,1)/m(1,1))*(S+FFxE(NN-1))-(ex(1,3)/m(1,1))
2 459 +x(TAU+FF*F(NN-1))-(k(1,1)/m(1,1))*(x+FFxB(NN-1))
2 460 +-(k(1,3)/m(1,1))*(t+FF*C(NN-1))-ampacc*ac(1)/2.54D0)
2 461 HH(NN) =dtaux((-cx(3,3)/m(3,3) ) *(TAU+FF*F(NN-1))-(cx(3, 1)/m(3,3))
2 462 +%(S+FF*E(NN-1))-(k(3,3)/m(3,3))*(t+FF*C(NN-1))+(m(3,1)/m(3,3))
2 463 +%x((-cx(2,2)/m(2,2))*(R+FF*D(NN-1))-(k(2,2)/m(2,2))x(y+FFxA(NN-
2 464 +1)))%x(t+FFxC(NN-1))
2 465 +-(k(3,1)/m(3,3))*(x+FF*B(NN-1))
2 466 +-(m(3,1)/m(3, 3))*ampacc*ac(1l)/2. 54D0)
2 467
2 468 E(NN)=(m(1,1)*m(3,3)*G(NN)-m(1,3)*m(3,3)*HH(NN))/
2 469 +(m(3,3)*m(1,1)-m(1,3)*m(3,1))
2 470 F(NN)=(HH(NN)-(m(3,1)/m(3,3))*E(NN))
2 471 302 continue
1 472
3DOFRUB Page 9
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DETERMINING SYSTEM RESPONSE

yold=y
y=yold+(A(1)+2DO%A(2)+2D0%A(3)+A(4))/6D0

xold=x
x=x01d+(B(1)+2D0*B(2)+2D0*B(3)+B(4))/6D0

told=t
t=told+(C(1)+2D0O%C(2)+2D0*C(3)+C(4))/6D0

R=R+(D(1)+2D0*D(2)+2D0%*D(3)+D(4))/6D0
S5=S+(E(1)+2DO*E(2)+2DO*E(3)+E(4))/6DO0
TAU=TAU+(F(1)+2D0*F(2)+2D0*F(3)+F(4))/6D0
MAXIMUM VALUES FOR TRANSLATIONS AND ROTATION

if (abs(xold).gt.abs(maxx)) then
timex=dtaux(1l-1)
maxx=xold
endif
if (abs(told).gt.abs(maxt)) then
timet=dtaux(1l-1)
maxt=told
endif
if (abs(yold).gt.abs(maxy)) then
timey=dtaux(1-1)
maxy=yold
endif

CALCULATE VERTICAL AND HORIZONTAL FORCES CAUSED BY VESSEL,
TEST FOR FAILURE

CALCULATE FORCES ON SIDE/KEEL BLOCKS
if (QD3.eq.0.0) then
rflzkvsx((weight/k(2,2))-yold-(LLL*cos(alpha))*told)
rf2=kvsx((weight/k(2,2))-yold+(LLL*cos(alpha) )*told)
elseif (QD3.ne.0.0) then

rf1=RR3

rf2=RR4
endif

if (QD4.eq.0.0) then

rf3=kvkx((weight/k(2,2))-yold)

elseif (QD4.ne.0.0) then
rf£3=RR5

endif

if (QD2.eq.0.0) then
hfl=khs*(xold+LLL*told*sin(alpha))
hf2=khs*(xold+LLL*told*sin(alpha)})
elseif (QD2.gt.0.0) then

hf1=RR2

hf2=RR2
endif

if (QD1l.eq.0.0) then
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hf3=khk*(xold)
elseif (QD1.gt.0.0) then
h£3=RR1
endif

TEST FOR SIDE BLOCK SLIDING

if (flagl.eq.1) then
go to 400
else if (hf1.1t.0.0.and. rf1.gt.0.0
+ .and. ulxrfl+hfl+u2xrflxcos(beta)*sin(beta)
+ -rfl*cos(beta)*sin(beta) .1t. 0.0) then
timel= dtaux(1l-1)
flagl=1
else if (hf2.gt.0.0.and.rf2.8t.0.0
+ .and. -ulxrf2+hf2-u2*rf2%(cos(beta)*sin(beta))
+ +rf2%kcos({beta)*sin(beta) .gt. 0.0) then
timel=dtaux(1l-1)
flagi=1
endif
x1=xo0ld
yl=yold
tl=told
continue

TEST FOR KEEL BLOCK SLIDING

if (flag2.eq.1) then

g0 to 410

else if (rf3.g8t.0.0.and.abs(hf3/rf3).gt.crit2) then
time2=dtaux(1l-1)
flag2=1

endif

x2=xold

y2=yold

t2=told

continue

TEST FOR SIDE BLOCK OVERTURNING

if (flag3.eq.1l) then
go to 420
else if (hfl.lt.0.0.and.rfl.gt.0.0.and.abs(hfl/rfl).gt.crit3) then
time3= dtaux(1l-1)
flag3=1
else if (hf2.gt.0.u.and.rfz.gt.0.0.and.abs(hf2/rf2).gt.crit3) then
time3=dtaux(1l-1)
flag3=1
endif
x3=xold
y3=yold
t3=told
continue

TEST FOR KEEL BLOCK OVERTURNING
if (flagd.eq.1) then
go to 430

else if (rf3.gt.0.0.and. abs(hf3/rf3).gt.critd4) then
timed4=dtaux(1l-1)
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flagd=1
endif
x4=x01ld
y4=yold
t4=told
continue

TEST FOR SIDE BLOCK LIFTOFF

if (flag5.eq.1) then

go to 440
else if (rfl1.1t.0.0 .or. rf2.1t.0.0) then
timeb=dtaux(1l-1)

flagb=1
endif
x5=xo01d
v5=yold
t5-told
continue

TEST FOR KEEL BLOCK LIFTOFF

if (flag6.eq.1) then

go to 450
else if (rf3.1t.0.0) then
timeB=dtau*x(1l-1)

flag6=1
end:f
x6=xold
y6=yold
t6=told
continue

TEST FOR SIDE BLOCK CRUSHING

if (flag7.eq.1) then

go to 460

else if (rfl.gt. 0.0 .and. (rfl/sidearea).gt.plside) then
flag7=1

time7=dtaux(1-1)

else if (rf2.gt.0.0 .and. (rf2/sidearea).gt.plside) then
flag7=1

time7=dtaux(1-1)

endif

x7=xo0ld

y7=yold

t7=told

continue

TEST FOR KEEL BLOCK CRUSHING

if (flagB8.eq.1) then
go to 470
else if (rf3.8t.0.0 .and. (rf3/keelarea).gt.plkeel) then
flagB=1
time8=dtaux(l-1)
endif
x8z=xold
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CAPTURE OF DISPLACEMENT, ROTATION & RESISTANCE QUTPUT!:

if (dec.ne. 'Y’ and.dec.ne.’'y’) goto 301

xx(mm)=xold

tt{mm)=told

goto (501,502,503,504, 505),decrr
if (QD1.eq.0.0) then
rrr(mm)=hf3

elseif (QD1.gt.0.0) then
rrr{mm)=RR1

endif

yy(mm)=yold

goto 506

if (QD2.eq.0.0) then
rrr(mm)=hfl

elseif (QD2.gt.0.0) then
rrr(mm)=RR2

xx(mm)=XPRIM

endif

yy(mm) =yold

goto 506

if (QD3.eq.0.0) then
rrr(mm)=rfl

elseif (QD3.ne. 0.0) then
rrr(mm)=RR3

endif

yy(mm)=YPRIMI1

goto 506

if (QD3.eq,.0.0) then
rrr(mm)=rf2

elseif (QD3.ne.0.0) then
rrr(mm)=RR4

endif

yy{(mm) =YPRIM2

goto 506

if (QD4.eq.0.0) then
rrr(mm)=rf3

elseif (QD4.ne.0.0) then
rrr{mm)=RRS

endif

yy(mm)=YPRIM3

continue
continue
go to 998
continue
if(dec.ne.’'Y’ .and.dec.ne.’y’) then
write(*,’(A)’Y * 1 AM FINISHING.

goto 20000
endif

CREATION OF DISPLACEMENT, ROTATION,
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4700
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CALL RESPALL(xx,yy,tt,rrr,dtau)
go to 20000

CONTINUE

if(ampacc.eq. 1D0) then

write(%,’(a)’) ° ENTER OUTPUT FILENAME ...’
read(*,’(a)’) outfname
open{46, file=outfname, status='new’, form='formatted’)

write(46, 4000) nsys

format(1x,/,28x, ' *xxx System ', I2, 1x, ' *%xx’)

write(46, 4050) hull

format(lx,/,30x, '** Hull ’,I3,1x, "*x’)

write(46, 4100)

format(1x,//,28x,’* Ship Parameters x’)

write(46, 4150)

format(1lx,/, 5x, ’Weight’,8x, 'Moment of Inertia’,9x,’K.G.’)
write(d46, 4200) weight, Ik, h

format(1x, £9.1,1x, *kips’, 1x, £11.1,1x, 'kips~-in-sec2’,
+3x,£6.1,1X,’ins’)

write(46, 4250)

format(lx, //,26x,’* Drydock Parameters x')

write(46,4300)

format(1x,/, 1x,’'Side Block Height’, 3x, 'Side Block Width’,
+3x, 'Keel Block Height’, 3x, ‘Keel Block Width’)
write(46,4350) htside, baseside, htkeel, basekeel

format(2x, £6.1, 1x, ’ins’, 11x, £6.1, 1x,’ins’, 11x,f6.1, 1x, ’ins’,

+9%,f6.1,1x,’ins’)
write(46, 4400)

format(1x, /, 1x, 'Side-to-Side Pier Distance’, 3x, 'Wale Shore Ht.’

+ ,3x,’'Wale Shore Stiffness’,2x,’'Cap Angle’)

write(46, 4450) br, AAA,Ks, beta

format(1lx,t7,£6.1,1x, 'ins’,17x,£6.1,1x, 'ins’,8x, £8.1, 1x,
+ ’'kips/in’,1x,£5.3,1x, 'rad’)

write(46,4470)

format(1lx,/,’ 1Side Side Pier Contact Area’

+,3x, 'Total Keel Pier Contact Area’, 6X, kkhp’)
write(46,4475) sidearea, keelarea, kkhp

format(lx,Bx,fll.l,lx,’in2’.14x,f11.1,1x,’in2'.10x.f7.1,1x,

+ 'kips/in’)

write(46, 4500)

format(1x,/,1x, ’B/B Friction Coeff’, 3x,

+'H/B Friction Coeff’,5x, ’kshp’, 10x, "kvsp’)
write(48,4550) ul,u2, kshp, kvsp
format(ﬁx,f7.3,13x,f7.3,7x,f7.1,1x,’kips/in’,lx,f?.l,lx,
+ ’kips/in’)

write(46,4600)

format(1x,/,1x,'Side Pier Fail Stress Limit’', 4%, 'Keel Pier’

+," Fail Stress Limit’,6x, 'kvkp’)

write(46, 4650) plside,plkeel, kvkp
format(lx,le,f7.3,1x,’kips/in2'15x,f7.3,1x,’kips/inZ‘,
+ 6x,£7.1,1x, *kips/in’)

write(46,4700)

format(1x,/.1x, ’Side Pier Vertical Stiffness’,3x,’'Side Pier’,
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4990
4900
4950
5000
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5100
5200
5250
5300
5400
5450
5500
5700
6000

6001
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+’ Horizontal Stiffnessg’)
write(468, 4750) kvs, khs
format(1x,3x,£11.1,1x, 'kips/in’,11x,f11.1,1x, 'kips/in’)
write(46,4775)
format(1ix,/,1x, ’Keel Pier Vertical Stiffness’, 3x,
+’Keel Pier Horizontal Stiffness’)
write(46,4780) kvk, khk
format(1lx,3x,f11.1,1x,’kips/in’,11x,£11.1, 1x, 'kips/in’) [
write(46, 4782)
format(1x,/,6x,’QD1’,17x,'QD2’, 18x, 'QD3’,17x, 'QD4’)
write(46,4785) QD1,QD2,QD3, QD4
format(2x, £8.1,1x, 'kips’, 7x,£8.1, 1x, 'kips’,8x,£8.1, 1x, 'kips’,
+7x,£8.1,1x, 'kips’)
write(46, 4800)
format(1x,//,20x,’* System Parameters and Inputs *’) i
write(46, 4850) quakname
format(1x, /, 1x, 'Earthquake Used is ', A40)
write(46,4852) hname 9
format(lx, /, 1x, ’Horizontal acceleration input is ’, A40)
write(46, 4854) vname :
format(1lx,/, 1x, 'Vertical acceleration input is ', A40) i

write(46. 4875)
format(1x,20x,’ Earthquake Acceleration Time History.’)

write(46, 4995)

format{lx, /, 1x, 'Vertical /Horizontal Ground Acceleration Ratio’
+,3x,’Data Time Increment’)

write(46,4890) amp,dtau

format(1lx, 10x, £6.3, t55, £6.3, 1X, sec’)

write(46, 4900)

format(lx, /,1x, ’Gravitational Constant’,3x,’X System Damping’)
write(46,4850) gravity, zeta*x100.

format{1lx, 7x, £6.2, 1%, 'in/sec2’,10x,£6.2,1x, ’'%’)

write(46, 5000)

format(1x,/,25%, 'Mass Matrix’, /)

do 5100 i=1,3

write(46,5050) m(i,1),m(i,2),m(i,3)

format(ix, £15.4,5x,f15.4,5x%x,f15.4)

continue

write(46,5200)

format(ix, /, 25x, 'Damping Matrix’, /)

do 5300 i=1,3

write(46,5250) ex(i,1),ex{(i,2),ex(1i,3)
format(1x,£15.4,5x, f15.4, 5x,f15.4)

continue

write(46, 5400)

format(1x, /,25x, ’Stiffness Matrix’,/)

do 5500 i=1,3

write(46,5450) ko(i,1),ko(i,2),ko(i,3)

format(lx, £15.4,5x%x,£15.4,5x,f15.4)

continue

write(46,5700)

format(1ix,//)
WRITE (46, 6000)
FORMAT(1X, 'Undamped Natural Frequencies’, t35, Mode #1’,t50, q

+’Mode #2’,t65, 'Mode #3’)

write(46,6001) wl,w3, w2

format(1x,t31, £7.3, 1x, 'rad/sec’, t46,£7.3, 1x, 'rad/sec’, t62,£7.3,
+' rad/sec’)
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WRITE( 46, 6002)
6002 FORMAT(1X, 'Damped Natural Frequencies’, t35, 'Mode #1’,t50,
+’Mode #2’,t65, 'Mode #3°)
WRITE(468,6500) wlxgqrt(l-zeta**2), wiksqrt(l-zeta*x*x2),
+w2¥sqrt(l1-zetaxx2)
6500 format(1ix,t31,£7.3,1x, rad/sec’,t46,£7.3,1x, 'rad/sec’,t82,£7.3,
+’ rad/sec’)
endif

write(46, 10500) ampacc*100, quakname
10500 format(1x,///,1x,’'For Earthquake Acceleration of ’,f6.2,’ X ’
+,'of the ’,A40,/)

write(46,25000)

25000 format(1x, 'Maximums/Failures'’,t26,’X (ins)’,t36,'Y (ins)’,t51,
+'Theta (rads)’,t85, 'Time (sec)’)
write(46,25001)

25001 format(lx,’'--—=-~—-—cvccmmce 7,125, e ',t35, e ', t50,
R T T P,tB4, e )
write (46,310) maxx, timex

310 format (1x,’ Maximum X’,t25,f9.6,t65,£5.2)

write (46,311) maxy, timey
311 format (1x,’ Maximum Y’,t35,f9.6,t65,£5.2)
write (46,312) maxt,timet
312 format (1x,’ Maximum Rotation’, t50,f9.6,t65,£5.2)

if (flagl.eq.1) then
flagl0=flaglO+1

write (46,313) x1,y1,tl, timel
313 format (1x,’Side block sliding’ ,t25,£9.6,t35,£9.6,t50,£9.86,
+t65, £5.2)
endif

if (flag2.eq.1) then
flaglO=flag10+1

write (46,314) x2,y2.t2,time2
314 format (1lx,’Keel block sliding’ ,t25,f9.6,t35,£9.6,t50,¢9.6,
+t65,£5.2)
endif

if (fiag3.eq.1) then
flagl0=flagliO+1
write (46,315) x3,y3,t3, tine3
315 format (1lx, 'Side block overturning’ ,t25,f9.6,t35,£9.6,t50, f9.6,
+t65,£5.2)
endif

if (flag4.eq.l) then
flagl0=flagl0+1

write (46,316) x4,y4,t4,timed
316 format (1x, 'Keel black overturning’ ,t25,f8.6,t35,f9.6,t50,¢9.6,
+t65, £5.2)
endif

if (flagb.eq.1l) then
flaglO=flagl0+1
write (46,317) x5,y5,t5,time$
317 format (1ix,’'Side block liftoff’ ,t25,f9.6,t35,f9.6,t50,f9.6,
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922
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A REALx*8
AAA REALx8
ABS

AC REAL
ACLFNA CHARx4
ACV REAL
ALPHA REALX8
AMP REALx8
AMPACC REALx8
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+t685, £5.2)
endif

if (flag6.eq.1) then
flaglO=r1lagl0+1
write (46,318) x6,y6,t6, time6
format (1x,’Keel block liftoff’ ,t25,f9.6,t35,£9.6,t50,£9.6,
+t65, £5.2)
endif

if (flag7.eq.1) then
flaglO=f1leglO+1
write (46,318) x7,y7,t7,time?7
format (1x,’Side block crushing’ ,t25,¢£9.6,t35,f9.6,t50,£9.6,
+t65, £5.2)
endif

if (flag8.eq.1) then

flaglO=flaglO+1

write (46,320) x8,y8,t8,time8

format (1x, ’Keel block crushing’ ,t25,f9.6,t35,£9.6,t50,f9.6,
+t65, £5.2)

endif

if(flagl10.eq.0) then
write(46, 11000)

format(1lx,/,1x, 'No failures occurred.’)
if(counter.eq.1.0 .and. flagl0.eq.0) then
go to 60000
endif

if(counter.eq.0.0) then
ampacmax=ampacc
ampacc=ampacc+1D-1

counter=1.0
write(%,’(A)’) ’ In secondary looping stage.
endif
endif
if(ampacc. le. ampacmax) go to 20000
if{counter.eq.1.0) then
ampacc=ampacc-1D-2
else if(counter.eq.(0.0) then
ampacc=ampacc-1D-1
endif
go to 10000
continue
stop
end

»

Offset P Class

48946
49082
INTRINSIC
32882
0 ERKKK
40890
49344
49496
49656
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AMPACM REAL*8
ASIN

B REALX8
BASE REAL*8
BASEKE REALx*8
BASES! REAL*8
BBB REAL*8
BETA  REALx*8

BR REAL*8

c REAL*8
cce REAL*8
cos

COUNTE REAL*8
CRIT2 REALx*8
CRIT3 REALx*8
CRIT4 REALx*8

cX REAL*8

D REAL*8
DEC CHAR*40
DECRR INTEGER*2
DECV CHARX40
DELTA REAL%8
DTAU REAL*8

E REAL*8

F REALx*8

FF REAL
FLAG1 INTEGER*2
FLAG10 INTEGERx2
FLAG2 INTEGER*2
FLAG3 INTEGERx*2
FLAG4 INTEGERx2
FLAGS INTEGERx2
FLAG6 INTEGER*2
FLAG7 INTEGERx2
FLAG8 INTEGERx2
G REAL*8
GRAVIT REAL*8

H REAL*8
HF1 REAL*8
HF2 REAL*8
HF3 REAL X8

HH REAL*8
HNAME CHARx40
HTKEEL REALX8
HTSIDE REALx8
HULL INTEGERx2
I INTEGER*2
1K REAL*8

J INTEGER*2
K REAL*8
KD1 REAL*8
KD2 REAL*8
KD3 REALx8
KD4 REALX8
KD5 REALx8
KEELAR REALx8
KHK REAL*8
KHKB REAL*8
KHS REAL*8
ANORRITR

49672

48898
KHKKK
49170
49162
49352
49258
49210
32834
49360

49664
49632
49640
49648
32658
32786
49282
49322
kKKK
49812
49504
32562
32610
50266
49680
49696
49682
49684
49686
49688
49690
49692
49694
32514
48154
49042
50318
50326
50334
32466
49552
49186
49178
49254
49324
48050
493286
32338
49844
49924
50004
50068
50148
49242
49106
49852
49098
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KHSB  REALx8
KKHP REALx8
KO REAL*8
Ks REALx8
KSHP REALx8
KU1 REALx8
Ku2 REAL*8
KuU3 REAL*8
KU4 REALx*8
Ku5 REALx8
KVK REALx8
KVKB REAL*8
KVKP  REALx8
Kvs REAL*8
KVSB1 REALx8
KVSB2 REALx8
KVSP  REALx8
KY1 INTEGER*2
KY2 INTEGER#*2
KY3 INTEGER*2
KY4 INTEGER*2
KY5 INTEGER*2
L INTEGER*2
LL INTEGER*2
LLL REALx8

M REAL*8
MASS REALx8
MAXT REALx*8
MAXX  REALx8
MAXY REALx8
MIN

MM INTEGER*2
MMANG1 REALx8
MMANG3 REALx8
MMMMM1 REAL*8
MMMMM2 REALx*8
MMMMM3 REALx8
MMMMM4 REAL %8
MMX1 REAL*8
MMX3 REAL*8
MODE1 REALx8
MODE3 REALx*8

N INTEGER*2
NN INTEGERx2
NSYS INTEGER*2
OUTFNA CHAR*40
PLKEEL REALx8
PLSIDE REALx8
QD1 REAL*8
QD2 REAL*8
QD3 REAL*8
Qb4 REAL=*8
QUAKNA CHAR*40
R REAL*8
RF1 REAL=*8
RF2 REAL %8
RF3 REALx8
RR1 REALx8
RR2 REALx8
3DOFRUB

49932
49122
32210
49090
49114
49836
499186
499986
50080
50140
48074
49828
49274
49058
49220
50076
49066
49860
49840
50012
50084
50156
50204
50262
49336
32082
49328
49706
49698
49714

48722
49440
49456
49464
49472
49480
49488
49432
49448
48416
49424
122333
50264
48256
50502
48226
49218
49130
49138
49146
49266
49512
49772
50294
50302
50310
49886
49966

INTRINSIC
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RR3 REAL*8
RR4 REAL*8
RRS REAL*8
RRR REAL

S REALx*8
SBFNAM CHARx40
SIDEAR REAL*8
SIN

SQRT

T REAL*8

T1 REAL

T2 REAL

T3 REAL

T4 REAL

TS REAL

Té REAL

T7 REAL

T8 REAL

TAU REAL*8
TIME REAL*8
TIME1 REAL*8
TIME2 REAL*8
TIME3 REALx*8
TIME4 REAL*8
TIMES REAL*8
TIMES REALx8
TIME7 REALX8
TIMES REALX8S
TIMET REALxX8
TIMEX REAL*8
TIMEY REALx8
TOLD REAL*8

TT REAL

U1 REALxS

U2 REAL =8
uuul INTEGER*2
pou2 INTEGER*2
yuu3 INTEGER%2
guU4 INTEGER*2
uuus INTEGER*2
VEL REALxS
VEL1 REAL=*8
VEL?2 REAL*8
VFNAME CHARx40
VNAME CHARx40
Wi REALx8
Wiz REALx*8

W2 REAL*8
w22 REAL*8

W3 REAL*8
W32 REAL %8
WEIGHT REALx*8
WWW1 INTEGER=*2
WWW2 INTEGER*2
WWW3 INTEGER*2
WWW4 INTEGER*2
WWW5 INTEGER*2
WZ1 REAL*8
w22 REAL=*8
3DOFRUB

50030
50110
50174
24074
48780
48694
49234

49740
50358
50378
50398
50418
50438
50458
50478
50498
49788
XEKKK
50342
50362
50382
50402
50422
50442
50462
50482
50278
50270
50286
49764
16066
49194
49202
49914
49994
50058
50138
50202
50214
50230
50246
XRRKX
49592
49376
48368
49382
49384
49408
49400
49034
49910
49990
50054
50134
50198
49902
49982

INTRINSIC
INTRINSIC
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WZ3 REAL*8
WZ4 REAL*8
WZ5 REAL*8

X REAL*8
X1 REAL

X2 REAL

X3 REAL

X4 REAL

X5 REAL

X8 REAL

X7 REAL

X8 REAL
XEL1 REALx*8
XEL2 REAL*8
XMAX1 REALxX8
XMAX2 REAL*8
XMIN1 REAL*8
XMIN2 REAL*8
XOLD REAL*8
XPRIM REALx*8
XSCL REAL*8
XX REAL

Y REAL*8
Y1 REAL

Y2 REAL

Y3 REAL

Y4 REAL

Y5 REAL

Y6 REAL

Y7 REAL

Y8 REAL
YEL1 REAL*8B
YEL2 REAL*8
YEL3 REAL*8
YMAX1 REAL*8
YMAX2 REAL*8
YMAX3 REAL%8
YMIN1 REALx*8
YMIN2 REALx8
YMIN3 REALx*8
YOLD REAL*8
YPRIM1 REALX8
YPRIM2 REAL*8
YPRIM3 REALx8
YY REAL
YYY1 INTEGER*2
YYY2 INTEGER*2
YYY3 INTEGERx*2
YYY4 INTEGER*2Z
YYYS INTEGER*2
ZETA REAL

ZZ1 REAL*8
222 REAL*8
223 REAL*8
224 REAL*8
725 REAL*8
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50046
50126
50190
49724
50350
50370
50380
50410
50430
50450
50470
50490
48862
49942
49870
49950
49878
49958
49748
50.06
16018

49732
50354
50374
50394
50414
50434
50454
50474
50494
49796
50086
49804
50014
50094
50158
50022
50102
50166
49756
50222
50238
50254

8010
49912
49882
50056
50136
50200
49250
49894
49974
50038
50118
50182
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Name Type Size Class

ACCLIN SUBROUTINE

BILINA SUBROUTINE

MAIN PROGRAM

RESPAL SUBROUTINE

RUBBER SUBROUTINE

Pass One No Errors Detected

932 Source Lines

4

189




“ACCLINPT" ,“BILINALL","RUBBER", and
g "RESPALL" Subroutine Listings . , , , , .
Page |
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D Lined 1 7 Nicrosoft FORTRANT7 V3,20 02/84
1
2 stitle: ‘acclinpt’
1 $storage: 2

_ 4 $nofloatcalls
‘ 5

b

7¢C

1 8
‘ 9 ¢ SUBROUTINE WHICH PROMPTS FOR AND READS IN HORIZONTAL
10 C AND VERTICAL ACCELERATION TIME HISTORY FILES

e AND THE TIME STEP AND EARTHQUAKE NAME

12
13¢C -
14
15 SUBROUTINE ACCLINPT{amp,ac,acv,dtau,quaknase hnase,vnane}
16 integer n
17 real ac{2002),acv(2002}
18 real#8 amp,dtau.dtauh,dtayy
19 character #40 aclfname,vfname,decv,quakname,hnase, vnane
20 character #40 hquaknam,vquaknas
21
2¢C READ IN ACCELERATION DATA
27T
AC HOR¥ZONTAL ACCELERATION
25 700  write(s,"{a)") ' ENTER HORIZONTAL ACCELERATION FILE NAME...
26 read{#, {a)'} aclfnase
27 open (44,file=aclfnane,status="old",fora="forsatted’)
28 write{#,'{a)’} ' READING HORIZONTAL ACCELERATION FILE...~
29 read (44, {3} '} hguaknan
30 read{44, ' {a) '} hnase
3 read (44, {¢9.4} '} dtauh
I2 do 300.n=1,2000
H 33 read (44,8} acint
T34 38 continue
BN VERTICAL ACCELERATION
37 307 writel#,'{a)") " WILL YOU USE A VERTICAL ACCELERATION FILE? -

-

writei#,"ta)") " (Y/Ni ~

.

E 39 read(#, {a}") decv
Lb 40 it {decv.eq. 'Y’} then
4 4 writei#, {a)') " ENTER VERTICAL ACCELERATION FILE NAME...~

read(#, {a)’) viname

|
-
o

3 openidS,file=viname,status="old’,fora="formatted )
4 write(#,'{a)’} ' READING VERTICAL ACCELERATION FILE...’
asp=1.,0

)
~

read {43, (ai'i vgquaknam
read (43, (3} '} yname
read{d3, {#9.4: " dtauv

ol
[}

“"'Y""‘" 4‘.
E B
~4 o
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wwr'v T

'@

N 2

50 write(#, {3)") ' INCOMPATIBLE ACCELERATION FILES '!!
) writel#, (a)’'} * REINPUT COMPATIBLE FILES °
2 gato 700
33 endif
54 do 303,n=1,2000
155 read {43,%) acvin)
1 56 305 continue
57 endit
58
M if (decv.eq. 'N'} then
40 do 306,n=1,2000
{ 6! acvin)=acin}
l 62 306 continue
83 writei#,’(a)’) " INPUT DESIRED vcRT/HORI ACCEL RATID: *
b4 read{+,#) aap
LH] endif
86
47 if (decv.ne.’'Y’ .and. decv.ne. N’} then
48 write(#, {a)'} ' TRY AGAIN °
69 goto 307
70 endi f
I3
72 quaknase=hquaknaa
73 dtau=dtauh
74 CLOSE (44)
75 CLOSE (45)
74
77 RETURN
78 END
Name  Type Dffset P Class
AC REAL [
ACLFNA CHAR#40
ACY  REAL ]
AMP  REAL#S #

DECY  CHARe40
DTAU  REAL#S
DTAUH REAL#d
OTAUV REAL#8
HNANE  CHAR40
HQUAKN CHAR#40
N INTEGER#2
BUAKNA CHAR#4(
VFNANE CHAR#40
UNANE  CHAR#40
VQUAKN CHAR#40

if (dtauh .ne. dtauv .or. vquaknas .ne, hquaknas) then

~O

ra

-~ r) Cd e D P M) e 0D

—
e PA O RIS RD R PRI PRI D SO RS
L] »

—

ry
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'
Page 1
01-20-88
11:06:38
D Lineb ! 7 Nicrosoft FORTRANT7 V.20 02/84
1 $debug
2 stitle: ‘bilinall’
3 $storage: 2
4 $nofloatcalls
5 i
b
1C cessmosoesesseose
8
9¢C SUBROUTINE WHICH CALCULATES THE BILINEAR HORIZONTAL
10C OR VERTICAL STIFFNESS AND RESISTANCE
11
B R Rttt bt A B
13
14 SUBROUTINE BILINALL(U,V,Pk RR,KD,QD KU, UEL UMAX UNIR KY,22,N2,
15 + WNW,YYY UUD)
14
17 real#8 U,V,RRKD,QD, KU, UEL PK
18 reai®g UMAX,UMIN,12,¥1
19 integer WWW,YYY, UUU,KY
20
21 C BEGINNING OF BILINEAR LOSIC
2
3¢ CHECK 1F RESPONSE STILL ON INITIAL ELASTIC LINE
U
25 if (KY .1t. 0} qoto 4040
2% if (KY .qt, 0} goto 3480
27 RR=KUsU
8 PK=KU
29
30 C CHECK [F THE RESPONSE HAS RONE PLASTIC
31
n if (U .qt. -UEL .and. U .1t. UEL) goto 4720
33
uce RESPONSE 15 NOW PLASTIC
35
34 if (U .1t, -UEL) qoto 4045
3
38C RESFONSE 15 ON THE TOP PLASTIC LINE
3%
40 3220 Ky=)
4t Pr=KD
2 RR=KD#U+QD
43 WiN=0
o ¥Y1y=)
45 11=0.0
L]} goto 4720
)
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8

9

50 3480
51

520
53

54

55

56 ¢
57

58

59 3630

60
)
62 L
63
o4 3720
85
86 L
87
&8
89
0L
"
n
73
74 L
75
7
1
78
14)
80
g1 c
§2
83 4040
84
85 C
8
a7
88
8% C
0
91 4150
§2
93
9%
95
9%
97

CHECK IF VELOCITY SHIFTS FROW POSITIVE TO NEGATIVE

if (v .gt. 0) gato 3720
[HECK JF ON THE RIBHT ELASTIC LINE
it (YvyY ,qt, 0) goto 3430
CALCULATE VALUE DF UMAX

1=l
YYY={

umar=11

CHECK IF RESPONSE SHIFTS TO LONER PLASTIC LINE
16 (U It (UNAK-2¢UEL}) goto 4040

CHECK IF RESPONSE SHIFTS TO TOP PLASTIC LINE
if (U .gt. UNAX) goto 3220

CHECK IF RESPONSE RETURNS TQ TOP PLASTIC LINE
14 (YYY .eq. 0) goto 3220
RESPONSE 1S ON THE RIGHT ELASTIC LINE

Ky=1

PK=KU

RR=KU#U+iKD-KU) sUNAX+QD

qata 4720

CHECK IF VELOCITY SWIFTS TO POSITIVE

if (v .gt. 0} qoto 4350

CHECK IF RESPONSE REMAINS ELASTIC

if (WWW .eq. 1) goto 4350
RESPONSE 15 ON THE BOTTOM PLASTIC LINE

Ky=-1

PK=KD

kR=KDeU-RD

Ve

¥1=0.0
goto 4720
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98 C CHECK [f RESPONSE IS ON THE LEFT ELASTIC LINE

: 59
: 100 4350  if (UGU .qt. 0) gato 4370 )
‘ 101 W=l
102 4370 LUU=t
103 URIN=H]
104
105 C CHECK IF RESPONSE RETURNS TO TOP PLASTIC LINE
106
h 107 if (U .gt. (UMIN+2#UEL)} qoto 3220
108
109 C CHECK IF RESPONSE RETURNS TO BOTTOM PLASTIC LINE
110
1 if W .]1t. UNIN) goto 4850
112
Hic RESPONSE 1S ON THE LEFT ELASTIC LINE
1
115 RhN=1
t1s RR=KisU+ (KD-KU) #UNIN-QD
£17 PK=KY
118
119 4720 continue
120 RETURN
121 END
Nase  Type Offset P Class
KD REAL#S 1h ¢
Ku REAL18 rL
Ky INTEGER#2 40 ¢
PK REAL#8 LR
@ REAL¢B R
RR REAL#8 12
u REAL8 0¢
UEL  REAL+#B 8¢
UMAX  REAL+B 324
UMIN  REAL#S b ¢
YUU  INTEGER#Z 60 #
V REAL#S 4t
WRW  INTEGERs? 7t
L H REAL#6 48 ¢
YYY  INTESERs? 56 ¢
u REAL#E W
Nase  Type Size  Class
BILINA SUBROUTINE

Pass One  No Errors Detected
121 Source Lines
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D Lined |

Naae

KD
KU
PK
e
RR
U
UEL

! $debug

2 $title: ‘rubber’
3 $nofloatcalls

E

20

2

22

23

]

]

26 C

27

28 3220
29

30

3

32 4720
3

]

Type

REAL#8
REAL#S
REAL®S
ReaL+8
REAL#8
REAL#S
REAL#E

Page |
01-29-88
16:45:08
7 Nicrosoft FORTRANT7 v3.20 02/84

SUBROUTINE WHICH CALCULATES THE RUBBER CAP VERTICAL
STIFFNESS AND RESISTANCE

SUBROUTINE RUBEER(U,PK,RR,KD,Q0,.KU,LEL)
real#8 U,RR,XD,QD,KU, UEL,PK
BEGINNING OF RUBBER LOGIC
CHECK IF RESPGNSE STILL ON INITIAL ELASTIC LINE
if (U .qt. UEL) goto 3220
RR=KL#Y
PK=KU
gato 4720
RESFONSE IS ON THE 2ND ELASTIC LINE
continue
PX=K{
RR=kD+(+QD
continue
RETURN
END

Oftset P Class

— 3 e
-~ e S
P P

r~a
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Page 1
01-20-88
14:20:02

D Lined | 7 Nicrosaft FORTRANT? V3.20 02/84

e

!
2 $title: ‘RESPALL’
I $storage: 2

4 $nofloatcalls
b}
6
7¢C
8
9¢C SUBROUTINE WHICH CREATES VERTICAL, ROTATIONAL,
10 € HORIZONTAL DISPLACEMENT AND DESIGNATED
1He RESISTANCE OQUTPUT FILES
]
50
14
15 SURROUTINE RESPALL(xx,yy,tt,rrr,dtau)
14 real xx12002),t£12002),yy{2002) ,rrr (2002)
17 real#d dtau.time
18 character 40 xname,ynase,tnase,rrnane
19 integer
20
AL CREATION OF DISPLACEMENT & ROTATION QUTPUT FILES:
39
2 write(#,"(a)"} * ENTER X OUTPUT FILE NAME...'
i read(#,’{(3)") xname
25 open (47 file=xnane,status="nen’,fore="forsatted’)
26
2 write(#, {a)’) ' ENTER Y DISPL OUTPUT FILE NAME...~
28 read(#,’ {a)’) ynaae
e/ open(48,file=ynase,status="nen’ fore="foreatted’)
30
3 writei#, fa)’} ' ENTER THETA OUTPUT FILE NAME...'
32 read{t, {a) ") tnase
8 open{4%,file=tnase,status='nen’ fors="fornatted’)
-2
35 write(#, {ai'i ' ENTER RESISTANCE DUTPUT FILE NAME...’
36 read{#, (al ) rrnase
37 openid{,filezrrnase,status="new’,fore="foreatted’}
39
40 do 308.n=1,2000
4 tise=dtautin-1)
42 write(47,7000) time,xx{n)
43 7000 format{f7.3,10x.el3. 8}
11}
45 writeidd, 701G} time,yvin)

4 7010 foraat{47.2,10x,e13.4)
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47
48
49 7020
50
51
52 7030
3
54 308
55
56
57

—— - =S s bt S e s

Nase  Type

DTAU  REAL#E

N INTEGER#2

RANANE CHAR®40
RRR  REAL
TIME  ReAL:8
TNANE CHAR#40
1] REAL
INAME CHAR40
¢ REAL
YNANE CHARE40
Yy REAL

58
Nase  Type

RESPAL

Pass One

CONTINUE

15 ¢
162
122

12 ¢
164
82

o3
-
re
L]

38 Saurce Lines

writel(49,7020) time,tt(n)
toraat (£7.3,10x,e13.4}

write(41,7030) time,rrr(n}
foreat (£7,3,10x ,213.6)

Offset P Class

Class

SUBROUTINE

Ng Errors Detected

197




Sample Input Data File and Output File. .
+44SHIP/5UE DRYDOCK BLOCKINS SYSTEMess DATA FILE: A:SIOREILN.DAT

+HEINPUT FILE DATAR#¢

SHIP NAME:  LAFAYETTE SSEN alé

DISCRIPTION OF ISOLATORS IF USED: NG ISOLATOR ALL BILINEAR

DISCRIPTION OF BUILDUP: B SPACING COMPOSITE

DISCRIPTION OF WALE SHORES USED: NO WALE SHORES

DISCRIPTION OF DAMPING: 5 1 DAMPING

LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION

NAVSEA DOCKING DRAWING NUMBER: 845-2006640

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SIKHORIG.WK1 & S1SHOR1G.WK!
MISC. COMMENTS: STORBILN,DAT 1839 4 MAR 82

SHIP WEISHT (KIPSi N= 16369.9
HEIGHT OF K& (IN) H= 193
MIMENT OF INERTIA (KIFS#IN#SEC*2) Tk= 2416451
SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs= 10113.19
SIDE PIER VERTICAL PLASTIC STIFFNESS IKIPS/IN) Kvsp= 4025.b4
KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK= 46808,74
KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN)  KVKP= 46808.74
HEIGHT OF WALE SHORES (IN) ARA= ¢

WALE SHGRE STIFFNESS (KIPS/IN) ¥S= 0

SIiDE PIER WORIZONTAL STIFFNESS {KIPS/IN) KHS= 5825.13
KEEL PIER HORIZONTAL STIFFNESS (KIPS/INi KHk= §9223,08

SIDE PIER HORIZONTAL PLASTIC STIFFNESS{KIPS/IN) KSHP= 2212.17
KEEL PIER HORIIONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP= I8434,8%
RESTORING FORCE AT 0 DEFLECT KEEL WORIZ  (KIPS) QDi= 18093.07
RESTORING FORCE AT © DEFLECT SIDE MORIZ  (KIPS) QD2= 4817.%
RESTORING FORCE A7 O DEFLECT SIDE VERT  (KIPS) @D3= 222,37
RESTORING FORCE AT 0 DEFLECT KEEL VERT  (KIPS) QDd4= 0

BRAVITATIONAL CONSTANT (IN/SEC*2) 6RAV= 384,09
SIDE BLOCK NIDTH (IN) SBH= 42
KEEL BLOCK WIDTH (IN) KBN= 48
SIDE BLOCK HEIGHT (IN) SB= 74
KEEL BLOCK HEIGHT (IN) KBH= &0
BLOCK ON BLOCK FRICTION COEFFICIENT Ut= .43
HULL ON BLOCK FRICTION COEFFICIENT U2= .53
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN)  BR= 144
SIDE PIER CAP PRGRORTIONAL LINIT sCPL= .7
KEEL PIER CAP PROPORTIONAL LIMIT KCPL= .45
TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN*2) SAREA= B352
TOTAL KEEL PIER CONTACT AREA  (IN°2) KAREA= 55440
PERCENT CRITICAL DANPING 1ETA= .05
HULL NUMBER (XX1X) HULL= 814
SYSTEM NUNBER (XXX) NS¥3= |
CAP ANGLE (RAD) BETA= 377
198
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16369.9 193.0 2410451 10113.39  4025.44 48808.74 0,0 0.0
5825.13 §9223.08 2212.17 8434.86 18098.07 4817,60 2262.37 386.09

42,00 48,00 74,00 80,00 0.43 0,53
144,00 0.70 0,45 8352.0 $5440.0 9.9050
6t6 10,377 0,00 46808.74

LAFAYETTE SSEN 416

NO ISOLATOR ALL BILINEAR

8 SPACING COMPOSITE

NG WALE SHORES

5 % DANPING

NO SPECIFIC LOCATICN
845-2006640

SIKHORIG. WK1 & SISHORIG.WK]
SICRBILN.DAT 1835 4 MAR 88
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A

ﬂmq..}

E
¥

seed System | sese

t8 Hull 616 ¢

# Ship Parameters ¢
Weight Nosent of [nertia K.6.
16369.9 kips  2410451,0 kips-in-sec? 193.0 ins
¢ Drydock Paraseters ¢

Side Block Height Side BRlock Width Keel Block Height Keel Block Width
74.0 ins 42.0 ins 80.0 ins 48.0 ins

Side-to-Side Pier Distance Male Shore Ht. Wale Shore Stiffness Cap Angle

144,0 ins .0 ins .0 kips/in .377 rad
1Side Side Pier Contact Area  Total Keel Pier Contact Area kkhp
8352.0 in2 5S440,0 1n2 38434,9 kips/in
B/b Friction Coeff H/B Friction Coeff kshp kvsp
A3 530 2212.2 xips/in  4025.6 kips/in
Side Pier Fail Stress Lieit Keel Pier Fail Stress Liait kvkp
700 kips/in2 450 kips/inl 45808.7 kigs/in
- .
Side Pier Vertical Stiffness Side Pier Horizontal Stiffness
10113.4 kipsiin 5825.1 kips/in
Keel Pier Vertical Stiffness Keel Pier Horizontal Stiffness
44808.7 kips/in 392231 kips/in
Q0t a2 Q3 (thil]
18098.1 kips 4817.¢ kips 2262.4 kips 0 kigs

¢ Syctes Parameters and Inputs ¢
Earthquake Used 15 1940 EL CENTRO
Horizontal acceleration 1nput 1s HORIJOKTAL

Vertical acceleration input 1s
Earthquake Acceleration Tise History.

Vertical/Horizontal Ground Acceleration Ratic Data Time Incremsent

t.000 010 sec
Gravitational Constant X Systes Dasping
186.09 1n/sec? 5.00 1
200




h Mass Matrix

42,3992 . 0000 8183.0420
0000 42.3992 0000
8183, 0420 0000 2410451, 0000

Dasping Matrix

118.1018 . 0000 5027, 6454
.0000 168.5898 ,0000
5027, 6454 0000 1549181, 3597

Stiffness Ratrix

70873.2400 0000 163107, 6400
0000 $7035.5200 . 0000
163103, 6400 0000 99531410, 6070
Undasped Natural Frequencies Mode #1 Mode 2 Mode 47
6,425 rad/sec 49,650 rad/sec 19,763 rad/sec
Dasped Natural Frequencies Kode #1 Kode #2 Mode 43

b.416 rad/sec £9.563 rad/sec 39.713 rad/sec

For Earthquake Acceleration of 100,00 I of the 1940 EL CENTRC

Maxisuss/Failures X {ins) Y {ins) Theta {rads) Tiee (sec)
Maxiaus ! -, 3197 1.2
Maximus ¥ -, 202029 8.01
Mazisus Rotation . 048797 14,44

Side block sliding - 103357 .01} -.02122% 6.2

Keel biock sliding -.095727 021787 -, 021704 6.2

Side block overturning .0B2442 -,051164 011885 S.6%

Keel block overturning .020387 ,052877 061717 471

Side block liftotf -.007883 -,103857 -, 003915 4.9

Side block crushing -.009432 621334 009388 S
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For tarthquake Acceleration of 90.00 X of the 1940 EL CENTRQ

Maxieuns/Failures X {ins} ¥ (ins} Theta (rads) Tise {sec)
b Naxisua -. 245421 16.51
Maxisua Y -. 181850 8.01 i
Maxisus Rotation -.049806 13.83
Side block sliding 000484 -.055408 002296 5.7
Keel block sliding -.087291  .019017 -.019429 6,23
: Side block overturning .000484 -, 055408 002296 .n
Keel block overturning -.031319 -.030563 001947 4,75
Side block liftoft -.002232 -.081113 -.003868 497
Side block crushing -.011740 -,012852 009220 5.48

For Earthquake Acceleration of 80.00 I of the 1940 EL CENTRO

Paxisues/Failures Y (ins) Y (ins) Theta (rads) Time {sec)
Maxiaus X -, 250107 16.51
Maxisus ¥ -. 161793 8.01
Maxisus Rotation 045040 19.75

Side block sliding 000027 -.051407 001472 .17

Keel block sliding -.088423 009131 -.0173% 8,22

Side block overturning .000027 -,051407 (001472 5.7

Keel block overturning -,02(642 ,058728 -. 005154 5.03

Side block iiftoff 001238 -.051243 -.002723 4,58

Side block crushing 008197 -.014721 008773 5.50

For Earthquake Acceleration of 70.00 I of the 1940 EL CENTRO

Maxisuns/Failures X tins) Y (ins) Theta irads) Tieme (sec)
Maximus X - 248803 13.79
Maxiaue Y - 145349 8.01
Maxisus Rotation 049499 14,38

Side block sliding -.028476  ,04G248 -. 009791 8.2

Keel block sliding -.083842 .0I9448 -.019522 7.37

Side dlock averturning -.018819 ,02493¢ - 01126¢ 8.28

Keel block overturning -.02924% -,004233 007959 5.54

Side block liftoft -.000110 -.023437 -, 002483 4,99

Side block crushing -, 011305 -,039360 -.008468 5.92
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For Earthquake Acceleration of &0.0¢ Y of

Maximuss/Failures Y (ins) Y (ins}
Maxisus X -. 252173

Naxisua ¥ -. 118732
Maxiaue Rotation
Side block sliding -.003131  .021428
Keel block sliding L041008 097166

Side block overturning -.034400 .021380
Keel block overturning .022516  .054039
Side block liftoff - 003402 . 000282
Side block crushing 001256 -.01854%

For Earthquake Acceleration of 56,00 Y of

Max1sues/Failures X (ing) Y {ing)
Maxiaua X . 246529

Maxisus ¥ -.094418
Maximua Rotation

Side block sliding -.015797 008846
Keel black sliding -.093131  -.025568

Side block overturning -.015797 008866
Keel block averturning .029000 (08726
Side block liftoff - 014181 .033488
Side block crushing -. 060834 -,062532

For Earthquake Acceleration of 40.00 1 of

Maxisuas/Failures Y lins) Y (ins)
Max1sus ¥ M7
Maxigun Y -.071379
Maxiaus Rotation
Side block sliding 032752 002738
Keel block siiding L0BA76Z . 009522

Side block overturning ,008986 014682
keel block overturning  .027507  .013162
Side black 1i¢tott - 004824 006973
Side block crushing 00491 -, 013729

the 1940 EL CENTRS

Theta {rads) Tise {sec)

........................

13.78

8.00

049920 19,485
-, 004153 6.30
017490 7.93
-.007884 24
004804 5.42
-, 003085 5.00
-.C0B745 5.96

the 1940 €L CENTRD

Theta (rads) Time (sec)

19.66

8.00

045232 19,61
-, 002623 6.31
-.026015 .50
-.002023 6.31
. 604303 5.52
-, 003047 5.03
068307 4.50

the 1940 EL CENTRZ

Theta (rads) Tise (cec)

19.5%5

8.00

046754 19.50
006452 7.94
023788 9.05
~. 001547 7.34
007261 .60
002687 5.38
009022 7.57




for Earthquake Acceleration of

Maxieums/Failures X {ins}
Maxisue X -.031730
Maxisua Y

Maxisum Rotation
Keel block overturning -.028674
Side black liftoff -.009727

For Earthquake Acceleration of

Maxisuas/Failures Y {ias)
Maxisus ) -.018083
Maxiaua Y
Maxisus Rotation

Side block liftaff 002507

For Earthquake Acceleration of

Maxisuss/Failures I Gnsh
Maxinus X -, 008054
Maxisus Y

Maxisue Rotation

No failures occurred,

for Earthauake Acceleraticn of

Max1suss/Faiiures 1 (1n3)
Maxieus X - 017144
Maxisus Y
Maxisum Rotation

Side block liftoff 62767

204

30,06 ¥ of the 1940 EL CENTRD

Y (ins!} Theta (rads! Time {sec)
8,07
-.040973 8.00
005341 7.5¢
012919 -.003477 8.06
017853 -.002363 5.84

20,00 1 of the {940 EL CENTRO

Y (ins) Theta (rads) Tise (sec)
7.97
-, 026897 8.00
003644 7.50
019880 .002589 6,42

10.00 X of the {940 EL CENTRD

Y {ins! Theta lrads! Tise (sec!
7.98
013437 4.7
L001623 7.45

19.60 % of the 1940 EL CENTRD

Y {1ast Theta tradsi Time {seg)
7.97
-, 175952 8,00
LD0I455 7.50
ROQOE:E! N1 .43




For Earthquake Acceleration of 18.00 ¥ of the 1940 EL CENTRQ

Baxieues/Failures X Gins) Y (ins) Theta irads) Tise (sec!
Kaxious X -.015412 7.97
Naxisus Y _ -.024184 1.7¢9
Kaxiaue Rotation 003294 7.49

Side block liftof{f 010977 -.002288 . 002979 8,54

For Earthquake Acceleration of 17.0G % of the 1940 EL CENTRD

Maxisuas/Failures ! lins) Y lins) Theta irads) Tise (sec)
Maxisus X -, 014521 7.97
Maxisua Y -, 022382 .79
Maxisus Rotation 003091 7.8

Side block iittcHf -.002400 -.002636 -, 002636 5.99

For Earthgquake Acceleration of 15.00 1 of the 1940 EL CENTRG

- -
Maxisuss/Failures X {ins) Y {insg) Theta {rads) Tiae (sec)

Maxisus X -, 013872 7.9%
Maxisua Y - 021489 479
Maxisue Rotation 002858 .49
Side block liftoff -.003316  .014301 - 002449 7.90
For Earthquake Acceleration of 15,00 X of the 1940 EL CENTRD
Maxiauas/Failures Y {insi Y {ins) Theta (radst Tiee {zec!
Maxisus X 1TSS e
Max1sus Y -, 020155 4,7¢
Maxisus Rotation 002624 7.48

No failures occurred.
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2.

APPENDIX 2

"V2READ$" and"ACCELMOD" FORTRAN

Program ListingsSample Vertical and Horizontal
"DATINNEW" and “MAKERUB" BASIC Progran
Listingss
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D Line#
1
2
3
4
S
]
?
8
S
10
11
12
13
14
b 15
1 16
1 17
1 18
1 19
1 20
1 21
1 22
1 23
1 24
) 25
1 26
1 27
1 28
1 29
1 30
3 3]
1 32
1 a3
1 34
1 35
1 36
1 37
1 as
1 39
1 40
] 4)
1 42
1 43
44
Name
COR
CORTIL
FCOR
1
ICOR
1EF
J
N
Y

NOOHDO0ON »-

“V2READS" and“ACCELMOD" FORTRAN

mqr‘. Listinqs. - . . . L] [ L4
Page b}
01-22-88
15225126

Microsoft FORTRAN77 Vv3.20 02/84
ARAARRRRARRRRARRAAAAARARAARRARRRR

v2reads.for

AXRAANRRRARARRRAXRARKAARKRRRRARRAR

main progran to read the Volume2 data.

n = & of accel.. velocity and displ. data

common/xyaxis/ixaxsia,fyaxis,ixy
integer cort1l(1000),icor (100) ,cor (40)
real y(5001) .fcor (100)
open(2.f1le="'acc.dat ', .status='o0ld")
open(3.filex'accl.out’',status='new’)

open(4.file='acc2.out‘,status='nevw’)

op

en(5.file=’acc3.out’ ,status=s 'new’)
do 10 3=1,3

read(2.11)corti]

read(2.,12)icor

read(2.13) fcor

n=jcor (53)

Read the acceleration data:
read(2.,1}))cor

goto (100,200,300),)

100

read(2,13)(y(1) ,1=}],n)
write(3,14)(y(i).4=}1,n)

goto 400
200 read (2,13 (ytid),1=1,n

wr

ite(4,14) (y(1),4=1,n)

goto 400

300 re
wr

ad(2,13 (y(§).,1=1,n)
1te(5,14)(y(1).t=1.n)}

400 continue

[~

11
12
13

Read the velocity data:
read(2.,l1)cor
read(2.,13)(y(1).,1=}.,n)

Read the displacement data:
read(2,11)cor
read(2.1)(y(1),1=1.,n)

Read the “end of file” mark
read(2,11)1ef

format (40a2)

format (1615)

format (8£10.3)

14 format (£10.3)

10

Type

INTEGER* 4
INTEGER* 4
REAL

INTEGEK* 4
INTEGER* 4
INTEGEK* 4
INTEGER* 4
INTEGER* 4
REAL

continue
end

Offset P Class

24806
2
24406
24974
4002
24982
24966
24970
4402
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D Line# 1 Ki Microsoft FORTRAN77 V3.20 02/84
b -] acceleration data modification program
2
3 real a{2008),b(20086)
4 integer n,i,J
-] character*40 fname
-]
7 write(*,x) 'INPUT FILE YOU WISH TO MODIFY...’ [
8 read(x,’(a)’) fname
9 write(x,*) ’INPUT NUMBER OF DATA POINTS IN INPUT FILE ...'
10 read(*,*) n
11 open(2, file=fname, status='old’)
12 open(3, file="acc.mod’, status='new’)
13
14 do 10 j=1,n
1 15 read(2, *)a(J)
1 16 10 continue
17 14 format(f9.4)
18
18 b(1)=a(1)
20 do 20 i=1,1002
1 21 b(2%xi)=(a(i)+a(i+l))/2
1 22 b(2%i+1)=a(i+l)
1 23 20 continue
24
25 do 30 Jj=1,2004
1 26 write(3, 14)b(j)
1 27 30 continue
28 end
Name Type Offset P Class
A REAL 2
B REAL 8028
FNAME CHAR*40 18050
I INTEGER*4 16162
J INTEGER*4 16094
N INTEGER*4 16090
Name Type Sigze Class
MAIN PROGRAM
Pass One No Errors Detected

28 Source Lines




“DATINNEW" and “MAKERUB" BASIC

Program Listings.

10 SCREEN 0: WIDTH 80
20 CLS

30 F=0

40 De="suss. sass"

80

60 PRINT “SXEXaakkkkfSXXERE R kAR RA R AR KKK EEEERERNEERARRRE R AR REERRR "

70 °

80 PRINT:PRINT ~

80 PRINT:PRINT ~

100 PRINT:PRINT *
110 ’

120 PRINT “"SEkfikX XX XETERARRKEERERREEEEE R KRR KERERKRRERE R R XX KERREEXE XX "

130
140

150 INPUT “ INPUT NAME OF ACCELERATION FILE YOU WISH TO MODIFY:
160 INPUT " HOW MANY DATA ENTRIES ARE IN THE INPUT DATA FILE? ", N
170 INPUT " HOW MANY DATA ENTRIES DO YOU WANT IN THE OUTPUT FILE? ", M

180 DIM AD(3000)
190 DIM AC(3000)

200 INPUT “ WHAT PERCENT OF THE ORIGINAL ACCEL. DO YOU WANT ? (.XX)
210 INPUT ~ INPUT NAME OF OUTPUT ACCELERATION FILE:

L4

220 INPUT " DO YOU WANT OUTPUT IN INCHES/SEC2 ?9%

230 IF A8="Y" OR A$="y" THEN F=1

250 IF B$<>"Y" AND B$<>"y" THEN 300
2680 FF=1

270 INPUT " INPUT THE NAME OF THE EARTHQUAKE:

300 OPEN ACOLD$ FOR INPUT AS #1

310 2=1

320 GG=0

330 FOR I=1 TO N

340 INPUT #1,ADS

350 IF VAL(ADS$)=0 AND I=1 THEN GG=1
380 IF GG=1 AND I=3 THEN 420

370 IF VAL(ADS$)=0 THEN GOTO 420
380 AB=VAL(ADS)

380 IF AB=-9999 THEN 430

400 IF F=1 THEN AC(Z)=AB/2.54 ELSE AC(Z)=AB

410 Z=2+1

420 NEXT I

430 CLOSE #1

440 OPEN ACNEWS FOR QUTPUT AS #1
450 IF FF<>1 THEN 4980

460 PRINT#1,Qs

470 PRINT#1,Cs

480 PRINT#1, USING D$;DTAU

490 FOR I=1 TO M

$00 PRINT#1, USING D$;AC(I)*PP
510 NEXT I

520 CLOSE #1

530 END

209

“;Q8
280 INPUT " INPUT THE ACCELERATION COMPONENT NAME:
290 INPUT " INPUT THE ACCELERATION DATA TIME STEP:

L]

";Cs
(SEC)

*sx*SHIP DRYDOCK BLOCKING SYSTEM»xxx
**ACCELERATION DATA FILE CREATION PROGRAM&*
**FOR BILINEAR 3DOF QUAKE RESPONSE PROGRAMkx

*, ACNEWS
(Y/N)

240 INPUT " DO YOU WANT TO ADD LABELS TO THIS DATA FILE? (Y/N) “;BS$

", ACOLDS

“,PP

.




10 SC§EEN O: WIDTH 80

20 CL.

30 PRINT "SESSssss 008 bt XA SRS R RRREERREXREBXREERREXE KK ERAEERAERREER RN RRE"
40 *

50 PRINT:PRINT " *x¥xSHIP DRYDOCK BLOCKING SYSTEM#*xx .

80 PRINT:PRINT *“ *xxxINPUT DATA FILE CREATION PROGRAM®xxx "

70 PRINT:PRINT * sxxxFOR BILINEAR 3DOF QUAKE RESPONSE PROGRAM*xx%x“:PRINT

80 '’

90 PRINT "SExkkidfkdiddkE gk ik kRS EE KKK RRRRRERKEXAAXKRREEEREEERRERERRKKAREE"
100 °’

110’

120 GRAV=32.174x12

130 AS=" SSESE 8 #88 & SEGENSE FEBRER_ S8 BBNARA. HE SRRRRE_ NE RNE_ % NNUBEE 8
140 BS=" SES%SE_#8 SENNEE #8 SERRNN. KE KRLELE. K8 KEREN_ KL FREXE. K8 NESES 48 H0N,
o -

150 CS=" S%%_ 43 S35 48 S48 S8 88 %8 # 48 & 8 °

160 DS=" S#8%_#5 % 85 5 4% HSUENE. % SABENE. & & B8 "

170 ES=" #8348 #48 #_ 448 SUdase 48 S48088. 48"

180 PRINT:PRINT

190 PRINT " SELECT ONE OF THE FOLLOWING MAKEDATA OPTIONS: “:PRINT

200 *

210 PRINT " 1. PREPARE NEW DATA FILE":PRINT

220 PRINT " 2. MODIFY EXISTING DATA FILE":PRINT

230 INPUT * SELECT NUMBER" ;NN

240 PRINT: INPUT " DRIVE USED FOR DATA FILES (A:,B:,C:,D:,E:,F:):";ABCS
250 INPUT " FILE NAME ( OMIT DRIVE LETTER )";F4s

260 F43=ABC$+F4s

270 CLsS

280 ON NN GOTO 300,350

280

300 GOSUB 480:’ CALL SUBROUTINE “INPUT DATA"

310 GOSUB 1010:’ CALL SUBROUTINE "PRINT DATA"

320 GOSUB 1620:’ CALL SUBROUTINE "STORE DATA"

330 GOTO 410
340 -~

350 GOSUB 1930:’ CALL SUBROUTINE "RECALL DATA"

360 GOSUB 2190:° CALL SUBROUTINE "MODIFY DATA"

370 GOSUB 1010 :’ CALL SUBROUTINE "PRINT DATA"

380 GOSUB 1620 :' CALL SUBROUTINE “"STORE DATA"

390 GOTO 410

400 '’

410 CLS: PRINT

420 INPUT" DO YOU WANT TO CREATE ANOTHER DATA FILE? (Y/N) ";DECS

430 IF DEC$="Y" OR DECs$="y" THEN 20

440 END

450 *

[Vl BRE 333333333333 333233333333 323333 83333333333 233 223223 ¢¢1 2422243233333 3234232334
470 °’

480 CLS:’ SUROUTINE "INPUT DATA"

480 PRINT * INPUT THE FOLLOWING DATA: ":PRINT

800 INPUT " SHIP NAME: "“;SHIP$

510 INPUT " DISCRIPTION OF ISOLATORS IF USED ~;1S0$

520 INPUT " DISCRIPTION OF BUILDUP: ";BUILDS

530 INPUT " DISCRIPTION OF WALE SHORES USED: ";WALE$

540 INPUT " DISCRIPTION OF DAMPING: " ;DAMPS

550 INPUT " LOCATION OF DRYDOCK BEING STUDIED: ";DOCKS$

560 INPUT “ NAVSEA DOCKING DRAWING NUMBER: ";SEAS

570 INPUT " REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIF$

580 INPUT " MISC. COMMENTS: “;COMMS

590

600 INPUT " SHIP WEIGHT (KIPS) W=";W
610 INPUT " HEIGHT OF KG (IN) =";H4
620 INPUT " MOMENT OF INERTIA (KIPSxIN%SEC"2) Ik=";IK
630 INPUT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs=";KVS

840 INPUT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP

210
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ooV
660
670
660
690
700
710
720
730
740
750
760
770
7680
790
800
810
820
830
840
850
860
870
880
890
900
810
920
930
940
950
980
970
980
890

1000

INFUL KEEL PIBXK VERULUAL STIFFNESS (KIPS/IN) KVK="; KVK
INPUT " KEEL PIER VERTICAL PLAS STIFFNESS(KIPS/IN) KVKP="; KVKP
INPUT " HEIGHT OF WALE SHORES (IN) =" ; ARA
INPUT " WALE SHORE STIFFNESS (KIPS/IN) =",K8

INPUT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS
INPUT “ KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=" ; KHK
INPUT " SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=";KSHP
INPUT " KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP=";KKHP
INPUT " RESTORING FORCE AT O DEFLECT KEEL HORIZ (KIPS) QD1=";QD1

INPUT “ RESTORING FORCE AT O DEFLECT SIDE HORIZ (KIPS) QD2=";QD2
INPUT " RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) QD3=";QD3
INPUT " RESTORING FORCE AT O DEFLECT KEEL VERT (KIPS) QD4=";QD4¢
INPUT “ SIDE BLOCK WIDTH (IN) SBW="; SBW
INPUT " KEEL BLOCK WIDTH (IN) KBW=";KBW
INPUT " SIDE BLOCK HEIGHT (IN) SBH=";SBH
INPUT " KEEL BLOCK HEIGHT (IN) KBH=" ; KBH
INPUT " BLOCK ON BLOCK FRICTION COEFFICIENT U1=";01

INPUT * HULL ON BLOCK FRICTION COEFFICIENT U2=";02

INPUT " SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR

INPUT " SIDE PIER CAP PROPORTIONAL LIMIT 8CPL="; SCPL

INPUT ~ KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL

INPUT * TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN"2) SAREA=";SAREA
INPUT “ TOTAL KEEL PIER CONTACT ARRA (IN"2) KAREA="; KAREA
INPUT “ PERCENT CRITICAL DAMPING ZETA=";ZETA

INPUT “ HULL NUMBER (XXXX) =" ;HULL

INPUT " SYSTEM NUMBER (XXX) NSYS=";NSYS

INPUT “ CAP ANGLE (RAD) BETA=";BETA

PRINT: PRINT

INPUT " ARE THE ABOVE VALUES CORRECT Y/N“;YNS$
IF YN$="N" THEN GOTO 270
CLS :PRINT
PRINT:PRINT
PRINT “ SHIP/SYSTEM DATA FILE INPUT COMPLETE "
RETURN
Rt L L R g T T T e T et

1010 CLS: ’SUBROUTINE “"PRINT DATA"

1020
1030

PRINT:PRINT ~
PRINT:PRINT ~

*x4«SHIP/SUB DRYDOCK BLOCKING SYSTEM*xx DATA FILE: “;F4s
*xxINPUT FILE DATA%%x"

1040 PRINT: PRINT

1050

PRINT " SHIP NAME: “,SHIPS

1080 PRINT " DISCRIPTION OF ISOLATORS IF USED: ";ISO$
1070 PRINT “ DISCRIPTION OF BUILDUP: “;BUILDS

1080 PRINT " DISCRIPTION OF WALE SHORES USED: ";WALES
1080 PRINT " DISCRIPTION OF DAMPING: *;DAMPS

1100 PRINT “ LOCATION OF DRYDOCK BEING STUDIED: ";DOCK$

1110

PRINT " NAVSEA DOCKING DRAWING NUMBER: “";SEAS

1120 PRINT “ REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIFS
1130 PRINT " MISC. COMMENTS: “;COMMS$

1140 PRINT

1150 PRINT

1160 PRINT " PRESS ANY KEY TO CONTINUE..

1170 F$=INKEYS:IF F$="" THEN 1170

1180 CLS:PRINT

1190
1200 PRINT " SHIP WEIGHT (KIPS) =";W
1210 PRINT “ HEIGHT OF KG (IN) =";H
1220 PRINT " MOMENT OF INERTIA (KIPS*IN%SEC"2) Ik=";1IK
1230 PRINT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kva=";KVS
1240 PRINT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP
1250 PRINT " KEEL PIER VERTICAL STIFFNESS iKIPS/IN) KVK="; KVK
1260 PRINT " KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP="; KVKP
1270 PRINT " HEIGHT OF WALE SHORES (IN) AAA=", AAA
1280 PRINT “ WALE SHORE STIFFNESS (KIPS/IN) KS=";KS
1280 PRINT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS
1300 PRINT " KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK="; KHK
AA9A NNMTUM 1 ATITAT NTEON IVARTTALIMA? Y 1@MTA AMTTEMITAA PP (T rrmeem  » PAATT™
211

L




Y

dQIV RNy DLVE FLAR OURLLVNILAL TLADILL DILIPPNADDIALED/AN) adnr= MO0
1320 PRINT * KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKBP-" KKHP

1330 PR * RESTOR CE AT O DEFLECT KEEL HORIZ IPS ="
1340 PR 5; STOR}gg ;8% AT 0 D CT SIDE HORIZ &155 1 832

1350 PRINT " RESTORING macz AT 0 DEFLECT SIDE VERT  (KIPS) qos --qu
1360 PRINT “ RESTORING FORCE AT O DEFLECT KEEL VERT  (KIPS) QD4=";QD4
1370 PRINT " GRAVITATIONAL CONSTANT (IN/SEC-2) GRAV=";GRAV
1380 PRINT:PRINT " PRESS ANY KEY TO CONTINUE... "

1390 F$=INKEYS: IF F$="" THEN 1390

1400 CLS:PRINT

1410 ’

1420 PRINT * SIDE BLOCK WIDTH (IN) - SBN="; SBW
1430 PRINT " KEEL BLOCK WIDTH (IN) KBW="; KB¥W
1440 PRINT " SIDE BLOCK HEIGHT (IN) SBH="; SBH
1450 PRINT * KEEL BLOCK HEIGHT (IN) KBH=" ,KBH
1460 PRINT “ BLOCK ON BLOCK FRICTION COEFFICIENT Ui=";01
1470 PRINT " HULL ON BLOCK FRICTION COEFFICIENT U2=";02
1480 PRINT " SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR
1490 PRINT " SIDE PIER CAP PROPORTIONAL LIMIT SCPL=";8CPL
1500 PRINT " KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL
1510 PRINT “ TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN"2) SAREA-

1620 PRINT " TOTAL KEEL PIER CONTACT AREA (IN"2) KAREA= 'KARIA
1530 PRINT “ PERCENT CRITICAL DAMPING ZETA=";2ETA
1540 PRINT " HULL MUMBER (XXXX) HULL=";HULL
1550 PRINT " SYSTEM NUMBER (XXX) NSYS=";NSYS
15880 PRINT " CAP ANGLE (RAD) BETA=";BETA

1570 PRINT:PRINT “ PRESS ANY KEY TO CONTINUE... *

1580 F$=INKEYS$: IF F$="" THEN 1580

1580 RETURN

1600 ' EEXEEKAKEEEEKEKAKERKREEXKKEKAKEXEKKRERE KK KKK KRR AR R KRR KRR E KR KR &
1610 *

1620 ’*SUBROUTINE “STORE DATA"

1830 IF NN<>2 THEN 1670

1640 CLS:PRINT

1650 INPUT " INPUT THE NAME OF THE MODIFIED DATA FILE: " ,MDS$
1680 F48zABCS+MDS$

1670 OPEN F48 FOR OUTPUT AS #1

1680 PRINT#1,USING AS$;W;H; IK;KVS;KVSP;KVK; AAA;KS

1690 PRINT#1,USING BS$;KHS; KHK; KSHP ; KKHP;QD1;QD2;QD3;GRAV
1700 PRINT#1,USING C$;SBW;KBW;SBH;KBH;U1;U2

1710 PRINT#1,USING D$;BR;SCPL; KCPL; SAREA; KAREA; ZETA

1720 PRINT#1,USING E$;HULL;NSYS;BETA;QD4; KVKP

1730 PRINTS1," *

1740 PRINT#1," *

1750 PRINT#1, " -

1760 PRINT#1," *

1770 PRINT#1,"

17680 PRINT#1,SHIPS

1790 PRINT#1, ISO$

1800 PRINT#1,BUILDS

1810 PRINT#1,WALES

1820 PRINT#1, DAMPS

1830 PRINT#1,DOCKS

1840 PRINT#1, SEAS

1850 PRINT#1,STIFS

1860 PRINT#1, COMMS

1870 °

1880 CLOSE #1

1680 RETURN

1800

1910 P RERKKERKKAKKERKEXEXRKKRKREERKEKEKKERKKERKEEE X R K RKERKKKKKKR KRR KRR KRR KKK
1820 °

1830 CLS: ’SUBROUTINE "RECALL DATA"

1940 PRINT "WAIT!!!! INPUTING PREVIOUS DATA FILE ----- "
18950 OPEN F48 FOR INPUT AS #i

1960 INPUT#1,W,H, IK, KVS, KVSP, KVK, AAA,KS

1970 TNPHTR1 KHS KKK KSHP KKHP ON1 ON2 ONA ARAV

212




1980 INPUT#1, SBW, KBW, SBH, KBH, U1, U2

1890 INPUT#1, BR, SCPL, KCPL, SAREA, KAREA, ZETA

2000 INPUT#1,HULL, NSYS, BETA, QD4, KVKP

2010 INPUT#1,NULLS

2020 INPUT#1,NULLS

2030 INPUT#1,NULLS

2040 INPUTH1,NULLS

2050 INPUT#1,NULLS

2060 INPUT#1,SHIPS

2070 INPUT#1, ISOS

2080 INPUT#1,BUILDS

2000 INPUT#1,WALES

2100 INPUTS1, DAMPS

2110 INPUT#1,DOCKS

2120 INPUT#1, SEAS

2130 INPUT#1,STIFS

2140 INPUT#1, COMMS

2150 CLOSE #1

2160 RETURN

2170 °

FRL- T BB £ 222233 3333332333382 243 e4 2t 3t s 3833333322833 2383333333333 233333733333
2190 CLS: ’SUBROUTINE “MODIFY DATA"

2200 PRINT " SHIP WEIGHT (KIPS) l'" "

2210 INPUT "NEW VALUE:*NO CHANGE: PRESS ENTERx W=";I$:IF Is* THEN W=VAL(IS$)
2220 PRINT “ HEIGHT OF KG (IN) H

2230 INPUT "NEW VALUE: *NO CHANGE PRESS ENTER* H=";Q$:IF Q8$<>" TH!N H=VAL(Q$)
2240 PRINT " MOMENT OF INERTIA (KIPS*IN*SEC"2) Ikx="; 1K

2250 INPUT "NEN VALUE #NO CHANGE PRESS ENTER* Ik=";Q$:IF QC()“"THEN IK=VAL(Q$)
2260 PRINT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs

2270 INPUT "NEW VALUE *NO CHANGE PRESS ENTERx Kvs=";Q$:IF Q$<>" THEN KVS=VAL(Q$)
2280 PRINT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP

2290 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvsp=";Qs:IF QO<>““THIN KVSP=VAL(Q

2300 PRINT “ KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK="; KVK

2310 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvk=",Q$:1F Q8<>""THEN KVK=VAL(Q$)
2320 PRINT " KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP="; KVKP
2330 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvkp=";Q$:IF Q$<>""THEN KVKP=VAL(Q

$)

2340 PRINT " HEIGHT OF WALE SHORES (IN) AAA="; AAA

2350 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* AAA=";Q$:IF Q8<>""THEN AAA=VAL(Q$)
2380 PRINT " WALE SHORE STIFFNESS (KIPS/IN) KS=";KS

2370 INPUT "NEW VALUE *NO CHANGE: PRESS ENTER* KS=";Q$:IF Q8<>""THEN KS=VAL(QS$)

2380 PRINT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KH

2380 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Khs=";Q$:IF Q$>" THEN KHS=VAL(Q$)
2400 PRINT " KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK="; KHK

2410 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KHK=";Q$:IF Q$<>" “THEN KHK=VAL(Q$)
2420 PRINT " SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=";KSHP

2430 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KSHP=";Q$:IF Q8<>”“THEN KSHP=VAL(Q
$)

2440 PRINT " KEEL PIER HORIZONTAL PLATIC STIFFNESS(KIPS/IN) KKHP=";KKHP

2450 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KKHP=";Q$:IF Q8<>""THEN KKHP=VAL(Q

2460 PRINT " RESTORING FORCE AT O DEFLECT KEEL HORIZ (KIPS) QD1=";QD1
2470 INPUT “NEW VALUE s*NO CHANGE PRESS ENTER* QD1=";Q$:1IF Q8$<>""THEN QD1=VAL(Q$

)
2480 PRINT " RESTORING FORCE AT O DEFLECT SIDE HORIZ (KIPS) QDZ’ ;
2490 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* QD2=z=";Q$:IF Q8" THEN QDZ-VAL(QS

2500 PRINT " RESTORING FORCE AT O DEFLECT SIDE VERT (KIPS) QD3=";QD3
2510 INPUT "NEW VALUR *NO CHANGE PRESS ENTERx QD3=";Q$:IF Q8$<>""THEN QD3=VAL(Q$

)
2520 PRINT " RESTORING FORCE AT O DEFLECT KEEL VERT (KIPS) QD4=";
2330 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* QD4=";Q$:IF QC()'"THEN QD4‘VAL(03

)
2540 PRINT " GRAVITATIONAL CONSTANT (IN/SEC"2) GRAV=";GRAV
2550 INPUT “NEW VALUE =NO CHANGE PRESS ENTER* GRAV=";Q$:IF Q8$<>""THEN GRAV=VAL(Q
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2560
2570
2580
2590
2600
2610
28620
2830
2840
2650
2660
2870
26880
2880
2700
2710

2720
2730
$)
2740
2750
(Q$)
2760
2770
(Q3)
2780
2790
$)
2800
2810
Qs)
2820
2830

2840
2850
3)

2860
2870
2880
2890
2800
2810
Qs

2820
2830
2840
2950
2860
2870
2880
2990
3000
3010
3020
3030
3040

PRINT *

INPUT °
PRINT

INPUT

PRINT *

INPUT

PRINT
“NEW VALUE *NO CHANGE PRESS ENTER%*
BLOCK ON BLOCK FRICTION COEFFICIENT
“NEW VALUE *NO CHANGE PRESS ENTERx
" HULL ON BLOCK FRICTION COEFFICIENT
“NEW VALUE *NO CHANGE PRESS ENTERx*
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN)
“NEW VALUE *NO CHANGE PRESS ENTERx

INPUT

PRINT *

INPUT
PRINT
INPUT

PRINT

INPUT

PRINT °
“"NEW VALUE *NO CHANGE PRESS ENTERx

“ KEEL PIER CAP PROPORTIONAL LIMIT
“NEW VALUE *NO CHANGE PRESS ENTERx

TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN"2) SAREA=";SAREA
"NEW VALUE *NO CHANGE PRESS ENTER#*

PRINT "
"NEW VALUE *NO CHANGE PRESS ENTER%*

" PERCENT CRITICAL DAMPING
"NEW VALUE *NO CHANGE PRESS ENTERx

PRINT *

INPUT

PRINT
INPUT

PRINT *

INPUT

INPUT
PRINT
INPUT
INPUT

INPUT

PRINT
INPUT

PRINT *
"NEW VALUE *NO CHANGE PRESS ENTER¥
DISCRIPTION OF ISOLATORS IF USED:

INPUT

PRINT *
“"NEW VALUE s*NO CHANGE PRESS ENTERx

INPUT

PRINT *
“NEW VALUE *NO CHANGE PRESS ENTERx

INPUT

PRINT ~
"NEW VALUE *NO CHANGE PRESS ENTERx

INPUT

PRINT ~
“"NEW VALUE *NC CHANGE PRESS ENTERx
LOCATION OF DRYDOCK BEING STUDIED:
"NEW VALUE *NO CHANGE PRESS ENTERx*

INPUT

PRINT *

INPUT

PRINT *
"NEW VALUE *NO CHANGE PRESS ENTERx
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME:
"NEW VALUE *NO CHANGE PRESS ENTERx

INPUT

PRINT "

INPUT

PRINT “
“"NEW VALUE *NO CHANGE PRESS ENTER%*

INPUT

RETURN

3050 ’
P REERARRRREEEKKKE R KKK RKER KRR EERE R XL TR EEKA KKK E KR KKK RRRR KKK

3060

SIDE BLOCK WIDTH (IN)

'NEW VALUE *NQ CHANGE PRESS ENTER%
KEEL BLOCK WIDTH (IN)

’HEW VALUE sNO CHANGE PRESS ENTER=>

SIDE BLOCK HEIGHT (IN)

“NEW VALUE »NO CHANGE PRESS ENTER»

KEEL BLOCK HEIGHT (IN)

SIDE PIER CAP PROPORTIONAL LIMIT

TOTAL KEEL PIER CONTACT AREA

HULL NUMBER (XXXX)

“NEW VALUE *NO CHANGE PRESS ENTERx
PRINT *

SYSTEM NUMBER (XXX)

“"NEW VALUE *NO CHANGE PRESS ENTER%

" CAP ANGLE
"NEW VALUE *NO CHANGE PRESS ENTER*

{RAD)

SHIP NAME: “,SHIPS

DISCRIPTION OF BUILDUP: “;BUILDs

DISCRIPTION OF WALE SHORES USKED:
DISCRIPTION OF DAMPING:

" ; DAMPS

NAVSEA DOCKING DRAWING NUMBER:

MISC. COMMENTS: ";COMMS$

214

SBW— ; SBW
S5BH=";Q3:IF Q$<>" THENKgaW =VAL(QS$)

KBW=";Q¢: IF Q$<>""THEN KBW=VAL(Q$)
SBH=" . SBH

THEN SBH=VAL(Q$)
; KBH

SBH=",Q$: IF Q3"

KBH=";Q$:IF Q$<>" THENUKBH‘VAL‘Q”
“THEN U1=VAL(QS)
;U2

THEN U2=VAL(QS)

Ul=";Q$:IF Qs<>"
U2=";Q8$:IF Qs>

BR=";BR
BR=";Qs:IF Q$<>""THEN BR=VAL(Q$)
SCPL=";SCPL
SCPL=";Q8:IF Q$<>""THEN SCPL=VAL(Q
KCPL=";KCPL

KCPL=";Q8: IF Q8$<>""THEN KCPL=VAL(Q

SAREA=";Q$:IF Q$<>""THEN SAREA=VAL

(IN"2) KAREA=" ; KAREA
KAREA=";Q8:IF Q$<>""THEN KAREA=V

ZETA=";ZETA

ZETA=";Q8:IF Q8$<>""THEN ZETA=VAL(Q
HULL"'HULL

RULL=";Q$: IF Q$<>""THEN HULL=VAL(
NSYS=";NSYS

NSYS=";Q$: IF Q$<>""THEN NSYS=VAL(Q
BETA=";BETA

BETA=";Q8:IF Q8<>""THEN BETA=VAL(Q

SH§§g=";°‘:IF Q$<>""THEN SHIP$=Qs$
", ]
1S08=";Q8:IF Q8<>""THEN I1S508=Q$
BUILDS$=";Q$:IF Q$<>""THEN BUILDS=
“;WALES
WALES=";Q$:IF Q8> ""THEN WALES$-QS$
DAMPS=";Q$:IF Q$<>""THEN DAMP$=Q$
*; DOCKS
DOCK$=";Q$: IF Q$<>""THEN DOCK$=Q$
" ;SEAS
SEAS$=";Q$:IF Q$<>""THEN SEAS=QS$
“;STIFS

STIFs="
COMMS="

;Q3:IF Q8™
;Q8: IF Q8™

"THEN STIF$=Q$
THEN COMM$=Q$




APPENDIX 3

1. Typical Accelerogram Header

2, Layout Sheet for USS Lealy
Long Beach Dry Dock # 3

3. Zealry Horizontal and Vertical
Stiffness Spreadsheets

4, System 1-11 and USS Lealy
Stiffness Table

S. Zealry XEL., QD, KU, and KD Values
for Bilinear Douglas Fir Caps

6. Rotational Moment Of lInertia
Calculation for USS Lealy

7. "3DOFRUB" USS Lealy Input Data File

8. Lealy Cap Angle Regression Analysis

9. *3DOFRUB" JUSS Lealsy Output File
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Typical Accelerogram Header

CRKRECTED ACCELERUGRAM 111 LIoda E7.101.0 COMP VERT FILE O CORRESFORLING T

LT 0 0OF UNCORRECTED SCCELERDGRAM DATA OF vOLLmME T:
SHITTIER EmfTHDU T 19
CT 01, 1987 -1442 GMT o2
JODTO0 B7,101.0 N 18
ZTATION DD2L 0001 TT 4T 14N 118 1T 48W e
LUL2 LENEY ?
LOMP VERT 9
WHITTIER EARTHQUA}E QCT 1, 1987 -1442 GMT 44
EFICENTER - T4 OT T9N 118 94 TOW s
INSTR PERIOD = ,(GT7 CEC DaMR ING = .S80 SENSITIVITY = 1.78 CM/G &9
NO. OF POINTS = T2 DURATION = 146.3754 SEC S0
UNITS ARE SEC AND G/10 — 22
KMS ACCLN. OF COMFLETE RECORD = L0581 G710 45

ACCELEROGRAM 1S BAND-FASS FILTERED BETWEEN .JT00- .400 AND 28.00-27.00 CYC/SEC.
819 INSTRUMENT AND BASELINE CORRECTED DATA
aT EQUALLY-SPACED INTEFVALE OF 020 SEC.

cEAt ACCELERATION = =17.05000 CMS/SEC/SEC AT 2,620 SEC.
FEAK VELOCITY = -1.08100 CMS/SEC AT 11,440 SEC.
FEAK DISFLACEMENT = 17700 cMS AT 14.7560 SEC.
INITIAL VELOCITY = -=.0220 CMS/SEC: INITIAL DISPLACEMENT = -, 0720 CMS
WHITTIER EARTHOUA} E OCT 01, 1987 -1442 GMT
MAGNITUDE = 5.9 EFICENTRAL DISTANCE = 3I6.74 VM M.MI. = O,
IIDD20OO 87.101.0 DDZ LENSY COMP VERT
X 4 4 OO0 €7 101 0 1 1 TT 4% 14 118 17 ag e
< 29 118 a ) 10 1 19287 1442 4 SO0 2SO 19 ] 44 I}
[} (o] O ) 0 4] Q Q %] (%] O Q (8] [x) (3] [l
() O T250 TI250 B19 4 10 10 1 [a] a4 43 10 10 2 410
S 164 ] 4] [ ] o O O [} O (o} 0 [a] ] Q
O %] %] ) O (¢} 1) 4] < (4] [e] Q O 0 (%] 8]
(%] [v] [s] %]
037 .S90 16.754 . 051 . 100 1.780 4,058 118.073
TT.754 118.270 T6.776 5.900 » OO0 S. 000 . 000 « OO0
L OO0 . 000 L 000 o OO0 . 000 « OO0 . Q00 . QOO
. OGO o QO . CHOC . QOO0 o OO0 « 000 « OO0 . QOO
L O00O < OO0 L OO0 « OO0 « OO0 . QOO0 « OO0 . OO0
. 000 . 000 . OO0 - OO0 « OO0 . 000 « QOO « Q00
. 000 . OO0 1.000 98. 067 < 16.354 169.816 1. 000
1.000 27 . 000 2,000 16.760 L 020 . 400 . 100 . OO0
2,620 -13.050 11.640 ~-1.081 14,750 L1732 -. 022 . AO0
25.000 . 200 . 200 =-. 022 11,640 ~1,.081 14,800 « 170
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Layout Sheet for USS Leany
Long Beach Dry Dock # 3 . .

v
BUILD KEEL “F'~tT TN €OW @%K’ RUSHIPS 1948741 RFV. 1 -
10°-6" (ON DECLIVITY)  7.%°

X X
USS LEAHY CG-16 DRYDOCK NUNBER)S ON CENTERLINE B0V SOUTH POSI'I;{'ON NUMBER 2

LOA 532'-6 5516"‘* X BEAM 54’-9"
RUDDER 7°-9%.TO 22'-3" FROM SRP ON CENTERLINE-------- 30 3/4” BELOW BASE ~ )(
mmw$awwm%ﬁwmmmﬁm ------ 3'-3 7/8" BELOW BASE
AFT KNUCKLE 103"-0° FRON SRP---mvmmcempomemecmoeeae OMIT PIERS AFT’(
CENTERLINE NUMBER 1 BILGE BLOCKS 17850 FROM SRP---- BATTENS AFT sipe ™
ROD METER 2947-11" £RoN SRP 3°-3 172" Y0 PORT—-nnemmv OMIT PIERS 2’-0" FeA“S
FMD KNUCKLE 466" -6 FROM SRP-~---nn-nnmnsomomemeeee OMIT PIERS Fwp ¥
SONAR DOME 468’-10% TO 506’ -4 FROM SRP-----n---- 5*-5* BELOW BASE <
FWD PERPENDICULAR 513’-11" FROM STERN REFERENCE POINT
. . ¥
IIS!‘:K§EI!ES EL RISE .
X o A%
AOA 581'-9” X X RISE | SRP g?gé .
RUDDER 574°~0 T0 550'-6 0" - “|376'-6"] 205'-3"
PROPS 550°-3" . +3/16" Ju01’-6" | 180°-3*
1_qr " 1_gn %
AFT KNUCKLE 478"-9" L +9/16" |26’ -6" ] 155" -2
C/L NO. 1 BILGE BLOCKS 403’-9” +1 1/2" Ju51'-6" | 130°-3"
ROD METER 28¢'-10" +1 9/16" 459’ -0" | 122" -9
' zn X " ' _gny «_zn
FAD KNUCKLE 115°-3" +1 9/16 |4R6’-6" | 115'-3

X
SONAR DOME 112’-11” TO 75'-5"
FWD PERPENDICULAR 67°-10"
FOA 49°-2 11/16" X
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e ,\.’/, X
e USS LEAHY C6-16
(kv «

_ SIDE BLOCKS

NO. | B-HB Brﬁg??x?; arﬁs}?g?—:r 242 feelE
1 [13-3-5+ 3-9-5_3 4-4-1 3-9-514-14-?3
2 [13-5-4 [3-3-3 13-9-5 | 3-3-3 205 .72
3 |13-7-2 ]2-10~2 |3-4-4 | 2-10-2) 3-4-4 | . =
4 [13-9-0 12-6-0 13-0-3 | 262 | 3067 7’
5 |1310-200 231 1293 252" 2-9-7] **
6 [13-11-3 §2-0-€ 12-7-2 § 2-1-0] 2-7-5 1
7 116-0-1 V1-11-732-6-4 | 2-0-0 J 2-6-5

8 11-8-0 J1-3-1 J1-8-2 § 1-3-37 1-8-1°

9 [11-7-6+ 1| 1-34 11-86 | 127 ¥ 1-9-1

10 [11-7-5 Jomt Yomr Y 1-5-0Y 1-10-4 -
1 {11-7-1 [1-7-0 12-0-0 | 1-6-6 | 2-0-51] i+
12 [12-6-4 4 1-9-0 [2-3-5 | 1-9-0 1] 2-3-5 *°¢
13 [11-5-3 [ 1-11-5(2-6-7 J 0T JoemiT | .
14 111-3-5+ {2-3-1 12-11-2] 2-3-1 2-11-2

15 |11-1-1 V| 2-6-6 <| 3-4-2 || 2-7-1 | 3-4-4
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JLL LEAsY

geiL fived

Zeary Horizontal and Vertical Hv@ =i
f-ir® Stiffness Spreadshects., . . . SLesT ¢

HORIZONTAL STIFRMESS MATRIX FOR & LAYERS ORIGING PER DOCKING DRANING LT FFuey

USS LEAHY PLASTIC

THIS IS A KEEL SYSTEM FOR USS LEAMY 06-16 NITH 12 FT BUILDLP
12 FOOY CENTERS

ELEENT # 1 CONCRETE

Coae) 3e 3

N

DEPTH TRANSVERSE HEIGHT
£l Bl H n u
{PS1) (N (M {(IN®) (N
4000000 ? % 0%57% L]
NI eEIILIR I EIAL
1344000000 32256000000 1032192000000 516096000000
RIBIDITY ) 2 SER ELEMENT
6lr CONTACT STRAIN SEAR
{PSI) AREA {IN/IN) DEFLECTION
(N2 1
2600000 3R 0.0000001033  0.0000049603
-~
ELEMENT # 2 CONCRETE
DEPTH TRANGVERSE HEI6HT
g2 13 L 2 L2
iPS1) (M (N (N0 (N
4000000 @ ® B0 3
12£212/12°3  eERl2/L2°2 €212/ ce21e/2
64625093.914  2132628099.2 930X N4  46917MBIRISR
RIBIDITY TP S ELEMEL.
Bir CONTACT STRAIN SHEPR
1Ps1) AFER (NN DEFLECTION
(N2 . (N
2400000 2016  0.0000002067  0.,0000136409
219
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\

i
:
A
r<
'
b

0DENT 83 0K
DEFTh TRALD 7 5F L 3oy
1 X] B 13 (K]
Psh (IN) (v (na (I
335720 ® oA 917504 kY

12£313/13°3  6E313/L3°2 4E313/L3 231303

1.3630+08 2.053%+0% 4.10708+10 2,053 +10

RIGIDITY TOF SHEAR ELFrENT
6ir CONTACT STRAIN SEMR
(PST} aREA (n/im DEFLH 11N
(N2 e
23940 2688 0.0000135139  0.000465417%6

ELEENT # & DOUBLAS FIR

[€EFTH TRANSVERSE [, 318

€4 [ L] 1 L3

1PSI) (N} (N (IN'& (IN}
48560 L4 2% 615)r 6

126414/L4°3  GEAN4/L4°2 4E414/1L08 - 3LHT

{.6619E+08 4,9858E 408 1.994:E40% 9.971% 436

RIBIDITY o SHEAR ELEMENT
6ir CONTACT STRAIN SEAR TOTAL
(PSI) AREA (IN/IN) DEFLECTION SHEMR
(IN°2) (N DEFLECTION (IN)
kY] %44 0.0003766275  0.002239763 2. 03%E-03
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SUY 60+31E066° 1
Sh 90+3LLC86" 0
W) BOHWENGE
0 804311006 Y
£4) 00430000°0
£b 004300000
24 00+30000°0
2 00+30000°0
141 071 00000

16 00+30000°0

80+3L2686" ¥~
90+326199°
B0+22506" P
0+36199°1-
00+30000°0
00430000° 0
00+30000°0
00+30000°0
00+30000°0

00+30000°0

B+MLTL6'6
80+3L1C86"y-
013W0E" ¥
50+ 3645° 1 -
O1¢308C0°2
60+ 25£80°2
00+30000° 0
[ERERNEE
00+30000°0

00+30000°0

80+3LLC06° Y
80+326199° 1~
60+36055" 1-
80+ JOEO°E
60+ 30ES0°2-
80+306%"1-
004300000
v Weto
00+30000°0

00+ 30000°0

004300000
00+30000°0
01436E00" 2
60436650 2-
TTe3166€°1
L0+32E16'L-
01+3B169°y
O L )
00+30000°0

2 J000°0

80+ 3063€° 1-
L0+3ET6°L~
80+310°2
60+392€1 2~
100492989
00+30000°0

0+ 30000°0

00+30000°0
01+38169'¢
60+392€1° 2-
2le30921" 1
01+ 32210°€-
11430191°S

01+39G22°E

XTUIW SSIN4411S

004300000
00+30000°0
00+30000° 0
00+30000°0
60+392E1°2
10+352%°9-
O1+3210°E-
601 34300°
01039C22"E~

50+ 30bbE" 1 -

00+30000° 0
00+30000°0
00+30000° 0
00+30000°0
00+30000° 0
00+30000°0

11430191°S

01439522 €-

c1+32E0"}

01+3%22°E

00+430000°0
00+30000°0

00+30000° 0

00+30000°0
00+30000°0

01+3622'E

60+300E" 1-

O1¢3522°E

60+30%4€" 1
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KON WALLES :
ol

N o= QLeLIA2NING) =
R eMeM=15
B

ql = this ¢

¢ OF SYSTEN ROOKS =
-1000 ibs

~150000 INeLBS

1000 tbs

SOLVED LMQUNE:
92= 0.0000124628 10
the  0.0000004063 rad

93  0.0001572266 1n

thd 0.00000342% rad
ot 0.0008990%¢ in

th4 0.0000054749 rod

a5 0.00033501¢2 1n
thS  0,0000114% rad

K (BENL: nOR}! FOR | KEF. B =

-81 -®
-2046. 7317806 -17M43%.69421

-29966.937031  -499717.35324

K {BEND WORI2) ALL KEEL BLOCKS =

201275823.1 lbe/in 201275.8831 KIPS/IN

MTRIX CHELK:

Qs ~1000.0000
M= ~150000.0000
®- 0.0000

: 0.0000
Q= 0.0000
M= 0.0000
= (. 0000
M =2 =0.0060
6= 1000.0000
5= 00000

TOTAL KEEL BLOCK HORIZINTAL STIFFMESS COEFFICIENT CALOUWATION:

USS LEAHY C6- 16 PLASTIC

Kk (SIDEBLOCK HORIZONTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEMENT)

i =

Khk

19362.33 KIPS/IN

32-.71 KPS N (.

(ENTIRE KEEL 8LOCK SYSTEM)
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21-)ar88
WORIZONTAL STIFFNESS MATRIX FOR 4 LAYERS ORIGINAL PER DOCKING DRAWING
USS LEAWY PLASTIC

THIS IS A SIDE BLOCK SYSTEN FOR USS LEAHY C5-16 WITH 12.5 FT UILDWP
12 FOOT CENTERS

ELDENT 8§ |  CONCRETE

DEPTH TRANGVERSE HETGHT
3} Bl H1 I Ll
(L)) {m (N (IN°0) (N
4000000 % 168 3933056 @

1EIL3 eEllILe KLY 1N

16464000000 395136000000 12644352000000 6322176000000

RIGIDITY 0P SHEAR ELEMENT
6ir CONTACT STRAIN SHER
(PSI) AREA (ININ) DEFLECTION
(IN‘2) (§0)]
2400000 16128 0.0000000238  0.0000012401

ELDENT # 2 CONCRETE

DEPTH TRANBVERSE HE16HT
] R 2 2
(PSI) (I (i LR} (N
4000000 ® 100 4000000 6

126212/12°3  &E212/2%2  &k2l2N2 x212/L2

66783537858 220367493 69636369697  (04BIOGAOS

RIGIDITY TP SEMR ELEYENT
Bir CONTACT STRAIN SEMR
(PSI) AREA (IN/IN) DEFLECTION
(IN“2) (N
2400000 3360  0.000000124  0.0000081845
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BEeNT 3 O

DEPTH TRANBVERSE HEIGHT
(] <] L 13 3
(PSI) (N (I (IN‘8) (N
3I7R0 50 k) 331487.5 Ll

12E313/13°3  E31313'2 &3N3 %3133

7.2907«07  2.0T9E«03  7.8959E+10 3.947%E+10

RIGIDITY L[ 4 SEMR EL0Bn
slr CONTaCT STRAIN SHER
(PSH EA (INVIN) DEFLECTION
(IN'2) (I
23980 46350  0.000008968  0.0005111787
-

ELEMENT ¢ &  DOURLAS FIR

DEPTH TRANSVERSE HEIGHNT
E4 B L 14 3
FS1) (N (am (IN°8) LY
48629 a8 18 13608 6

12E414/L4°3  6EQI4/LA2 4E414/L4 414/

3.6764E407 1.1029€+08 L.4116E+08  2.2058E+08

RIGIDITY (4 SEMR ELEVENT
Bir CONTACT STRAIN SHEMR TOTAL
(PS1) AREA {IN/IN) DEFLECTION SER
(IN°2) (N DEFLECTION (IN}
n 504 0.0005712184  0.004273102  3,9479€-03
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SU) 80+:29 1Y »

b 80+316201°1-

) 90+318502°2
b 90¢316301°1
£} 00+30000°0
£b 00030000°0
241 00+30000°0
25 00+30000°0
1Y) 00+30000°0

T 00+30000°0

80+316201° I - B0+318002° 2

LO+ENI'E §0+3T6201° -

80+316201° 1- 01430096 L
LOVICENI'E- 60+39L96" |-
00+30000°0  01+36L96°E
00+30000°0  60+361L0°2
00+30000°0  00+30000° 0
00+30000°0  00+30000°0
00+30000°0  00+30000° 0

00+30000°0  00+30000°0

B0+316201° 1
LO+XENI"E-
60439096 1-
80+31960° 1
604360102~
10+30062°L -
00+30000°0
00430000°0
00+430000° 0
00+30000°0

00+30000° 0
00+30000'0
01+36L96°E
60+36LL0°2-
2l+uBK0* 1
0131966" I~
11436808°»
01+36802°2
00430000°0

00+30000°0

00+30000° 0
00+30000'0
60+36LL0°2
10430062 L~
0F+31966° 1~
0+3WL0V" L
03+36E02° 2~
80+0629°9~
00+30000° 0
00+30000° 0

00+30000° 0
004300000
00+30000°0
00+30000° 0

11436898 ¢

01+36602° 2-

E1+INI%E" T

11430182 "€~

ale32x"9

T1eWIGH'E

YTHION SSIN44ILS

004300000
00+30000°0
00+30000°0
00+30000°0
Ote36E02°2
80+ WBL9°9-
11430162 °€-
Ole3ENL" T
T1e390C6°€-

01+3%9%9' 1-

00+30000° 0
00+30000°0
00+30000°0
00+30000°0
00+30000° 0
00+30000°0
21+3222%°9

17o39i66°E-

EleIpeR’1

11439186°€

00+30000"0
004300000
00+30000°0
00+30000°0
00+30000°0
00+30000°0

11eW1C6°E

05+ 099" 1-

1TeWISH"E

01+3v9' |
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DM WALUES s
Qs

Nl = QI (L1034 4) =
R=s@:0@sBsMsMs1S
[ . X

Ql = thi= 0

-1000 ibs

-177000 DmiBS

1000 ibs

§ OF SYSTEN ROOS = 14

SOLVED UNQIWE :
2= 0,0000012224 in
the  0.0000000484 rad

83  0.0000189822 i1n

th3 0.0000004444 rad
o4 0,00010788 in

thd  0.0000021982 rad

S 0.00082979%A in
thS  0.0000293%3 rad

K (BEND HORIZ) FOR ! SIDE MLOCK = 9273000.8265 1bs/in

-8 -
~2883,0270465  -202873.50047

-3307. 3464598 - 137531. 058

-3206 . 350%¢09 - 18BeN . 22u4T?

98730008265 KIPS/IN

K (BEMD MORIZ) ALL SIDE BLOCKS = 129822011.571 lbs/in

129822011571 KIPS/IN

MATRIX OHECX:
10 ~1000.0000
M s -177000,0000
@= 0.0000
e 0.0000
B+ =0,0000
L 0.0000
W= ~0.0000
M= =0.0000
Q= 10000000

: ~0.0000

TOTAL SIDE BLOCX HORIZONTAL STIFFNESS COEFFICIENT CALCULATION:

USS LEAMY PLASTIC

Kis (SIDEBLOCX HORIZONTAL STIFFNESS) = P/(BEMDING DISPL + SHEAR DISPLACDENT)

Khs * 239.37 KIPS/IN

s : 3381.12 KIPS/IN

(PER BLOCK)

{ENTIRE SIDE BLOCK SYSTEM)

226




1%,

KON VALLEES : § OF SYSTEM BLODGS =
o= -1000 lbs
N o= Q10 LIN2AING = -177000 Dil§
RsR:P=WBasM=00s15 0
) 1000 tbs
_ ol = this 0
h SILVED UNOIDWS
. o2x  0,0000012224 in
the 0.0000000494 rad
-Bt -
o3 0.0000189822 1n ~2883.0270065  -202873.30047
th3 0.0000004444 rad
o 0.00010784 in -3307.90645%  ~(37331. 20562
thd 0,000008192 red
a5 0,000829796A in -520€..3507201% - 18860 . 28447
thS  0.000023393 rad
K (BEND MORIZ) FOR 1 SIDE BLOCK = 9273000,826S lbs/in 9273.0008265 KIPS/IN
K (BEND HORIZ) ALL SIDE BLOCXS = 129822011.571 lbs/in 129822011571 KIPS/IN
MATRIX CHECK:
o= -1000,0000
" ~177000,0000
@ 0.0000
L 0.0000
@B ~0.0000
LI 0.0000
] ~0.0000
"= ~0.0000
o= 1000.0000
"= ~0.0000

USS LEAHY PLASTIC

TOTAL SIDE BLODX HORIZONTAL STIFFMNESS COEFFICIENT CALCULATION:

Khs * 239.37 KIPS/IN

s 2 33%1.12 KIPS/IN

Xhs (SIDEBLOCX HORIZINTAL STIFFNESS) = P/(BENDING DISPL + SHEAR DISPLACEIENT)

(PER BLOCK)
(ENTIRE SIDE BLOCX SYSTEM)
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Emow T en g

(SRS

21-Jan-00
HORIZONTAL STIFFMESE MATRIX FOR & LAVERS
USE LEAWY ELAGTIC

THIS IS A KEEL SYSTEM FOR USS LEAMY (6-16 WITH 12 FT MUILDUP
12 FOOT CENTERS

ELDENT 8 | CONCRETE

ORIGINA. PER DOCXING DRAMING

DEPTH TRANGVERSE HE1GHT
3} N H 1§} 8]
Psh (I (I (I8 (1N
4000000 L % 30%5% L
1ENINL°3 eELTILL R L 1YV &AL
1344000000 32256000000 1032199000000 516096000000
RIGIDITY ¢ SHEAR ELEMENT
6ir CONTACT STRAIN SER
(PS) HEA (IVINY DEFLECTION
(2 (M
2400000 4032 0.0000001033  0.0000049603
ELEMENT # 2 CONCRETE
DEPTH TRANSVERSE L 3t
;4 R 12 L2
(PSI} {IN) L] (N8 (1IN
4000000 L L} B’NR 66

126212/12°3  eE212/L2°2  MERI2/2 Z2N2

64605093.914  213262B099.2  93BITENIHA 46917818132

RIGIDITY P SER ELEMENT
6lr CONTACT STRAIN SER
(PShH AREA (ININ) DEFLECTION
(-2 m
2400000 2016  0.0000002067  0.0000136409
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T

BPDENT 03 0K
DEPTH TRANSVERSE HE1GHT
X [ X] n <] I3 3
i (PS) (m (t (na (N
335720 L4 (] 917504 k.

12E313/L2°3  6E3I3L3'2 &3N3 &31313

i 1.3690€+08 2.0535E+09 4,10706+10 2.053%+10
RIGIDITY (1 4 SER ELEMENT
6tr CONTACT STRAIN SER
(Psh AREA (IN/ 1N DEFLEL T IUN
N2 (I
23980 2688  0.0000155139  0.000465417%

ELEMENT ¢ 4 DOURLAS FIR

DEPTH TRANSVERSE HEIGHT
11} B He 14 3
(PS1) (™ (N (IN® (N
175549 L] 2 81516 )

1ZEA14/L4°3  GEAIA/L4°2 LUK SE4I4/L¢

5.9995€+08 1.7956€+403 7. 1994409 3.599%+09

RIBIDITY TP SER ELEMENT
glr CONTACT STRAIN SEMR ToTAL
(PST) AREA (IN/IN) DEFLECT (14 SHEr
(IN°2) (1IN} DEFLECTION (IN)
12339 T64.4 00001043299  0.0006239797 1.11006-03
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SU) 604306661° ¢
S 60+308660° 1-
P 60+369666°€
0 60¢20866.° 1
£43 00430000°0
£ 00430000° 0
24} 00430000°0
2 00+30000°0
14} 00+30000°0
1b 00+30000°0

604358664 " 1-
20+38¥666° S
60+35866L " [-
80+ 38%666°S-
00+30000°0
00430000° 0
004300000
00430000° 0
00+30000"0
00+30000° 0

604369665

IR N

01+36938' ¢
30+353€5°2-
01+35E00°2
PR ROV ) o}
00+30000°0
00+30000°0
00+30000°0

R LECTNY

60+36866L° 1

80+ 384666 ° G-

80+30965°2-
N0+ TE"L
60+36£90" 2-
804 306%€° 1-
00+30000°0
00+30000° 0
00+30000° 0

00

00+30000°0
00+30000°0
01+%£00°2

60+36£50°2-

1143164E° 1

10132€16°L-

01+38169°¢
60+392E1°2
00430000°0

e 30000° 0

4

00+30000°0
00+30000°0
60+3E00°2
80+ 306" 1 -
L0+3X16°L-
80+32510°2
604391 2-
10+3529°9-
00+30000°0

00+30000°0

00+30000° 0
00+30000°0
00+30000°0
00+30000°0
01+3B169°¥
60+ 291" 2-
214309211
0143€210°€-
11+430191°6

01+39522°€

XTI SSLLS

00+30000°0
00+30000" 0
00+30000°0
00+30000°0
60+392E1°2
10+362%°9-
01+3210°€-
60+39800° |
0l+39622° €-

60+300HE " 1 -

00+30000°0

004300000
004300000
00430000°0
00+30000°0

[1¢30191°¢

01439622 ¢-

el+322E0'1
01439G22°€

004300000
00+30000°0

00+30000° 0

00+30000°0
00430000°0
0l+39622°€

60+30ME" 1-

0143%522°¢

60+300¥E" |

¥ ¥ g ¢ 3 ¥ 8 ¢
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IMN WAL UES :
Q= -1000 lbs

Al = QB (LIR2HING = ~130000 INeLBS
R2MR2B=zWBsMz04:=1 0

! B 1000 tbs

al = this 0

§ OF SYSTEM MLOOXS » &0

SOLVED LNKINAS :
o2 0,0000124628 in
the 0,0000004883 rad

q3  0.00015722%6 1n

th3  0.000003429% rad
ot 0.00029809%4 in

the  0.0000054749 rad

q5  0.000337615 in
thS  0.0000071417 rad

K (BEND HORI2) FOR | KEEL BLOCK = 3394397.0517 lbs/in

B -&®
~2046.7317806  -1743%.69421

-29566,937031 499717, %554

-~

~18%4, . 2% -SEIWL LT Y

33545970517 KIPS/IN

ipm.~ -k

K (B0 HORIZ) ALL KEEL BLOOKS = 201270621 ine s,

MATRIX CHECX:

T ~1000,0000
N = ~ 15060 s
@- 0.0000

: 0.0000
@ 0.0000
: 0.0000
= .00
: 0,007,
Ll 1000,0000
5 - 0.0000

LEAHY C5-16 ELASTIC

TOTAL KEEL BLOCK HORIZONTAL STIFFMESS COEFFICIENT CALCULATION:
USS LEAHY

690.79 KIPS/IN

41447.53 KIPS/IN

230
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Khk (SIDEBLOCX NORIZONTAL STIFFNESS) = P/ (BENDING DISPL + SHEAR DISPLACEMENT!

(ENTIRE KEEL BLOCX SYSTEM)




Hov oI
c § T
2-Jan-88 A e
- - - - —
HORIZONTAL STIFPNESS MATRIX FOR 4 LAYERS GRIGINAL PER DOCKING DRANING S U IR
USS LEAWY ELASTIC -
THIS 1S A SI0E BLODK SYSTEM FOR 1SS LEAHY C5-16 WITH 12.5 FT BUILDWP
12 FOOT CENTERS

ELEENT 0 1 CONCRETE

DEPTH TRANEVERSE HE1e
1) 8 LY i1 L
(PSI) (IN) (N (N8 (m
4000000 % 168 31933036 48

1EINAL3 L2 LI Xl

16464000000 395136000000 1264435200000 6322176000000

RIBIDITY TP SHEAR 303,31
6tr CONTACT STRAIN SER
(Psh AREA (IN/IN) DEFLECTION
(IN-2) (1N
2600000 16128 0.0000000238  0.0000012401

ELEMENT 2 CONCRETE

DEPTH TRANSVERSE HETBHT
g -] e I2 2
(Psh) (I am (IN°®) (N
4000000 L} 100 4000000 6

126212/L2°3  ERl2/L2t2 eg212/12 g21/2

667833378.56 22036367493  %%H9%97 484545404848

RIGIDITY 1[4 SHEAR ELEENT
Bir CONTACT STRAIN SEMR
PSD) AREA (N/IN DEFLECTION
(e (n
 J
L)
231




ELEENT $ 3  OAK
DEPTH TRANSVERSE HEIGHT
£3 n <] 13 (&)
(’sh L)) (IN} (IN°& (n
335720 % % 3351487.5 L1

{2€313/L3°3  ek313/3°2

31313 %3133

7.2907%+07 2.077%

+09 1865410 3.9 o

RIGIDITY 0F SER ELEMENT
6ir CONTACT STRAIN SEMR
(PS1) AREA (IN/IN) DEFLECTION
(N2} (IN}
23980 4630  0.000008%8 0.0005111787
ELEYENT ¢ & DOUBLAS FIR
DEFTH TRANS ERSE L SEH
1] b4 L] 4 a3
tpsh (IN} (1M (IN“Q) (I
175549 8 18 13608 6

12E414/L4°3  eEAIA/Le2

LIV 2E414/L4

1.3271E+08 3.9814£+08 1.59¢E+08 7.9%€+08

RIGIDITY ToF SHEA® ELEM !
:114 CONTACT STRAIN SER TOTAL
(PS AREA (IN/IN) DEFLECTION SHEAR
(IN°2) (IN) DEFLECTION (W)
12539 508 0,0001582341  0.0009494048 1.47006-03
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SUI 60+385265° 1

Sh 004304186 €-

b4} 80+3882%" L
¥ 90+30¥186°€
£9) 00430000°0
£ 00+30000°0
24} 009300000
20 00430000°0
14) 00+30000°0

10 00430000°0

80+3v196°¢- 80+39829" L

B0+XILAE T 1 IRIFE-

20+399196°¢- 01431650°8

B0+BIL2E 1~ S UBLY'T-

00+30000°0
00+30000°0
00+30000°0
00+30000°0
00+30000°0

00+430000°0

01+36L06°E
6+361L0°2
00+30000°0
00+30000°0
00+30000°0

00+30000'0

B0+309186°E€
0r XML -
U6 1-
30¢ 3e350°2
604360202
10+30062°L-
00+30000°0
00+30000°0
00+30000° 0

00+30000°0

00+30000° 0
00+30000°0

(1% 72 %3

K0+ 36LL0°2-

2l+3UBv0° 1

014319667 -

113848
01+36£02°2
00+30000° 0

00+30000° 0

00+30000°0
00+30000°0
60+36LL0°2
L0+30062° L~
01+31966° 1+
90+ 29(08°(
Ol+36E02° 2~
80+8L9°9-
00+30000°0

00+30000°0

00+30000°0
00+30000°0
00+30000° 0
00+30000° 0
11420898° Y
01+3%£02"2-
EleI%E" Y
1He01EL°E-
2132229

TLeIC6'E

XIHIW SSI44115

00+30000° 0
00430000°0
00+30000° 0
00+30000°0
01+36€02°2
80+ 348L9°9-
V14301EL°E-
01+32€E1L°1
F143wiCh E-

Ol+39¥9" 1-

00+30000°¢
00+30000°0
00+30000°0
00+30000° 0
00+30000°0
00+30000"0

2NeI|X"9

(L 1~

E1+30992° 1

11¢301G6°E

00¢30000°0

00+30000°0
00+30000°0
004300000
00+30000°0
00+30000*0

T+WIR'E

01+37999° 1-

IeWice'E

01+3¥9¥9°1

8 ¢ 8 ¥ & ¥ g @
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KON VALLES:
G

M s Qie(LiABAING) =

~1000 ibs

=177000 [NeLBS

ResR:sB=W=Ms04:2105 0

ql = this=

1000 1bs

§ OF SYSTEN RLOOS =

SOLVED UNGIDWS :
q2x 0,0000012224 1n
th  0,000000048¢ rad

g3 0.0000189822 1n

th3 0.0000004444 rad
o 0.0001074 in

tht  0.0000021922 rad

e5  0.000153137 in
thS  0,0000097271 rad

K (BEND HORI2) FOR ! SIDE ROCK = 9273000.8265 lbs/1n

-B1 -8
-2883.0270465  ~202873.50047

-3307.30645% -137531.70582

-16184,7430109  -5¢427.0209

9073.00082¢5 KIFS/IN

K (BEND HORI2) ALL SIDE BLOGKS = . 12922011571 lbs'in

129627 1187 /PS4

MATRIX CHELX:

Q= -1000.0000
M s -177000.0000
@ = 0.0000
2 0.0000
(<] ~0.0000
[ 4.0000
o= 0.0000

: 0.0000
[ 1000.0000
- =0.0000

TOTAL SIDE BLOCK HORIZONTAL STIFFMESS COEFFICIENT CALCILATION:

USS LEAHY ELASTIC

Khs (SIDEBLOCK MORIZINTAL STIFFMESS) = P/(BEMDING DISPL + SHEAR DISPLACEMENT)

Khs z

Khs

616,85 ¢ 105, [h

8635.89 KIPS/IN

(FER L1000k

234

(ENTIRE SIDE BLOCK SYSTEM

14




VERTICAL STIFFMESS CALCULATIONS FOR DRYDOCX BLOCKS

USS LEdmy
sl Hlul

—

ve Q15 L
ALLTWE 16 DOOKING PLAN 0 = 14767817 REV | ey
SYSTEN ¢ LS5 LEMHY L ROOS CRIING. PER DOCXING DRAMIIG T TEVESS
WOX P 12.00 FEET (§°‘O|LZK'P‘«E~,‘
VERTICAL STIFFIESS:
PIER
UL MTRIL € LOET  WDTW IR X o Tk
] (PS1) (N (N (m [L L (KIFS. 1%
DEPTH) (TRASVERSE)
® (W) w
| ODAR 12899 2.0 2.0 600  2EI3 0.0  10%3.18
2 K ZW.N K0 0 .00 2861 0.000654
3 CONRETE 000000.00 42.00 8.0  66.00 281 0.0000082
4 COMCFETE 4000000.00  42.00 00 4800 TW0.00  0.0000030
150.00
145,83 12.50
' O STIFF
8006 % oF RLOX Y
KIPL s
635%.62
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UsS LeAWY
50y Rlock

VERTICAL STIFFMESS CALOWLATIONS VERTI AL
WAL TYPE 16 DOCKING PLAN & = 194841 ReV |

z-temi
SYSTEM ¢ 1 ELASTIC SIDE BLODKS GRIGINAL PER DOCXING DRANING = ) o
A35S7 .45 KiiS/
ROCX PACING = 12.00 FEET k\\\~‘_/¢,
VERTICAL STIFFMESS:
PIER
LEVL MTERIA E  LDE™W  NIDTM 1T K X TOTAL K
' ®51) (N ) (m (KIPS/IN) KIPS/IN)
(DEPTH) (TRANGVERSE)
(B) [(}) {t)
1 DFIR 1253949 28.00 18.00 6.00 1053.29  0.000%9¢ 682,70
2 O 23980.00  50.00 93.00 57,00 19%.2  0.0005112
3 CONCRETE 4000000.00 48,00 100.00 66.00  290909.09  0.000003
4 CONCRETE 4000000.00  96.00 168,00 46.00 13400000  0.0000007
1m.00
177,00
#50.00 d TOTAL STIFF
BLOOKS 1 OF BLOCX SY
(KIPS/IN) ¢
955785
yss Lty
Sote Aluck
JedT L AL
VERTICAL STIFFNESS CALOWLATIONS
T e :
HULL TYPE 16 DOCKING PLAN 4 = 1948741 REV | {7 .
R VS gt
SYSTEW 9 1 FLASTIC SI0E BLOCKS ORIGINAL PER DOCKING DRAWING
BLOCK SPACING = 12.00 FEET N N
VERTICAL STIFFNESS:
PIER
LEVEL TOTAL K
WIRIL € LD®M WD YEIGHT K 1K
[} (PSI} (IN) (IN) (IN) (KIPS/IN) (KIPS/IN}
{DEPTH) (TRANGVERSE)
(BY (M) (L)
| DFIR MRS .M 8.0 6.0 2. Oawio - Ea
F oK 23980.00 42,00 64,00 $7.00 1120.85  0.0008843
3 CONCRETE 4000000.00  48.00 100.00 .00  290909.08  0.00000M4
¢ COMRETE 4000000.00  96.00 168.00 48.00  134000.00  0.0000007
177,00
177.00 N
1 Ak
o ROOG 1t OF BLOCK SY
{KIPS/IN} ¢
343,91
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Rotational Moment.of Inertia
Calculation for Uss Leady .

ROTATIONAL MOMENT OF INERTIA CALCULATOR ABOUT THE KEEL:

SH1P NAME: USS LEAHY CG-16

Ikeel = Ixx + T"2%W/g

T = ship's calculative draft = 15.25 FT = 183 IN
Ikeel = 2537275. KIPS*SEC“2%1IN

Ixx = (W/g)*Xkxx"2 = mass moment of inertia about the roll axis

Ixx = 1449223, KIPS*SEC“2%IN

W = ship displacement = S600 TONS = 12544 KIPS
g = accel. of gravity = 386.09 IN/SEC-2
KXx = 0.64 * B/2 Radius of gyration about the roll axis

from Introduction to Naval Architecture Page 272
for Destroyer type ships

B = ship's beam = SS FT = . 660 IN

kxx = 211.2 IN
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. "3DOFRUB" USS Lealy Input Data File

##8SHIF/SUE DRYDOCK BLOCKING SYSTEM®#s DATA FILE: E:LEAMTRUE .DAT
#en INPUT FILE DATA#as

SHIF NAME: USS LEAHY CG-1&

DISCRIPTION OF ISOLATORS IF USED: NO ISOLATOR ALL BILINEAR
DISCRIFTION OF BUILDUF: 12 SFACING COMFOSITE

DISCRIFTION OF WALE SHORES USED: NO WALE SHORES

DISCRIPTION OF DAMFING: S % DAMFING

LOCATION OF DRYDOCK BEING STUDIED: LONG BEACH NAVAL SHIFYARD DD # 3
NAVSEA DIOCKING DRAWING NUMBER: EUSHIFS 1948741 REV. 1

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: LEAWKHEL .WK! LEAHKVEL .WK1 ETC.
MTSC. COMMENTS: LEAHTRUE.DAT 1312 28 JAN S8

SHIF WEIGHT (kIFS) W= 12%44
HEIGHT OF k6 (IN) H= BEG 2%\
MOMENT OF INERTIA (K IFS«IN#SEC"2) k= 2%3727%
SIDE FIER VERTICAL STIFFNESS (KIFS/IN) Kve= I%57.84%
SIDE FIER VERTICAL FLASTIC STIFFNESS (KIFS/IN) kvep= 3243.91
KEEL PIER VERTICAL STIFFNESS (FIFS/IN) KVE® 65530 ,62
HEIGHT OF WALE SHORES (IN) ApA= O

WALE SHORE STIFFNESS (KIFS/IN) r.S= 0

SIDE FIER HORIZONTAL STIFFNESS (kIFS/IN) KHS= S63%.38%
EEEL FIER HORIZONTAL STIFFNESS (KIFS/IN) KHK= 41447.53

SIDE FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/IN) KSHF= 33%1.12
FVEEL FIER HORIZONTAL FLASTIC STIFFNESS (KIFS/IN) KEHP= 13362.32
RESTORING FORCE AT O DEFLECT kHEEL HORIZ (KIFS) QDOi= 2%370.73
RESTORING FORCE AT © DEFLECT SIDE HORIZ (HIPS) @QDe= 401T.689

RESTORING FORCE AT ¢ DEFLECT SIDE VERT (KIFS) @D3= 2037.S%
GRAVITATIONAL CONSTANT (IN/SEC &) GRAV= 386 .0%
SIDE BLOCK WIDTH (IN) SBW= 136
FEEL BLOCK WIDTH C(IN® KEW= 108
SIDE BLOCK HEIGHT (IN) SBH= 19t
+EEL BRLOCK HEIGHT (IN) KEH= 150
BLOCK ON BLOCK FRICTION COEFFICIENT U= .3
HULL ON BLOCK FRICTION COEFFICIENT ua2= .S
SIDE FIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR= 283
SIDE FIER CAF FROFORTIONAL LIMIT SCFL= .7
KEEL FIER CAP FROPORTIONAL LIMIT KCRL= .45
TOTAL SIDE FIER CONTACT AREA (ONE SIDE) (IN'2) SAREA= 70%-
TOTAL FEEL FIER CONTACT AREA C(IN“B) KAREA= £G420
FERCENT CRITICAL DAMFING ZETA= 05
HULL NUMBER (XXXX) HULL= 12
SYSTEM NUMEBER (XXX) NSYS=
CAFP ANGLE (RAD) BETA= .43%
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Zeaiy Cap Angle Regression Analysis

CAP AMGLE ANALYSIS # PAGE | 8% e 1-Nar-G8 o

USS LEMHY CG-16 ANALYSIS

DURING THE ) OCT 87 WRITTIER EARTHQUAKE

EXCITED BY THE ORY DOCK & 2 ACCELERATIGN TINE WISTORY
CAP ANGLE ANALYSIS:

TRANSVERSE DISTANCE BETWEEN B AND C HEIBWTS = 80N

BLOCK CAP CaF ] B C t FAILURE
' ANGLE  dNBLE KETGHT T HE IGHT TOTAL  mODE
(RAD} gES! iFTy SN EIBHTHS) (W) iFTi (N (EIGHTHE) (1M

H 4,587 A : s s 30,78 M ] 2 40,25 SBSLIDE
o 0.485 7.3 : p i H 1 T 35.25 shSLIDE
13 0,406 A H L S Nl K [ T 30.86 SASLiOE
T 0,38 Py B I8 To.es H [ 4 70,90 SBSLIGE
12 0.786 P . 3 0 21,00 2 3 S 27.63 SOSLIDE
[ HEE) i s WS 2 H 7 3025 SESLIDE
H n.2 i ? § 45,75 4 4 t 52,17 SBSLIDE
¢ e : 5 9 1.8 3 [ 3 3539 SBSLIDE
E w7 2 & P T W+ 3 4 4 40.50 SBLIFTOFF
2 a7 H : 1o 3 ? S 45,83 SBLIFTOFF
5 0.7 : 3 TR 2 9 3 33,38 SBLIFTOFF
It 5. R s 31,00 ! 19 4 22,50 SELIiFTOFF
? 172 H M 4 15,5 ! 8 b 20.75 SBLIFTQFF
8 6.8 B H [ §4 t § 3 20.25 SBLIFTOFF
11 16,7 ! * ¢ 19,00 2 0 0 24,00 SBLIFTOFF

CAP  FAILED  RESRESS MEASURED

ANGLE  SLIGING  [ATA  BLOCK DISPLACEMENT

iDEG: RN N

35,40 L 0 L ER wegression Dutaut:

PP LAY TR LS Jenstant DML A3

L RO P HE BT 1 8,458433

NN N0 N F 3guares 3,982758

22009 11h.8Y 109LT 5,750 Mg, ot Observaticns 12 P~ 08802 ¢ 0 e 1,77558

oo llaval HILLSY 9,456 Degrees 2t Freedss 15

NS e 14} s

26,77 125,80 fls.el 0375 X loedéicientis: -0,05622

- FECLA T UV S DA 34 Seg Ee- o5s loed, D,00749%

17,20 Gher S

18,77 136 1753 0TTS

16,74 hat 1S
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“3DOFRUB* USS Lealy Output File

#ann System 1 sasa

#e MHull 16 »a

# Ship FParameters @
weight Moment of Inertia K.G.
15232.0 kips 3038012.0 kips-i1n-sec2 180.0 ins
% Drydock FParameters »

Side Block Height Side Elock Width Keel Elock Height keel Block Width
121.0 ins 168.0 ins 150.0 ins 108.0 ins

Side-to-Side Fier [Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle

289.0 1ns .0 1ns O kips/in  ,G2€ rad
1Side Side Fier Contact Area Total keel Fier Contact Area rkhp
0% .0 in2 20480.0 1n2 192€2.3 ki1ps/1n
B/B Friction Coef# H/B Friction Coef¥f kshp kvsp
L300 « 300 2351.1 kips/in 2243.7 kips/1in
Side Fier Fai1l Stress Limit teel Fier Fail Stress Limit [~}
L7700 Ki1ps/ind 450 kips/ing 29370.7 kips
Side Fier Vertical Stif+ness Side Fier Horizontal Stiffness Qo2
I5E7.9 bips/in 863%.9 kips/in 401%.7 kips
keel Pier Vertical Stiffness keel Fier Horizontal Styffre o @i
LESIO .8 kips/in 41447.% kips/in 20937 .6 kips

# System Farameters and Inputs «
Earthquake Used is 1 QOCT 27 WHITTIER CA
Horizontal accetleratrain imput is LBNSY D02 TRANSVERSE COMFONENT

Vertical acceleratiwn input 1s LENSY DDE2 VERTICAL COMFONENT
Earthquake Acceleration Time History.

Vertical/Hori1zontal Ground Acceleration Ratio Data Time Increment
1.000 W10 sec

Gravitational Constant % System Damping
38 .03 1n/sece SL.00 %

Mass Matri:-

29,4919 L0000 7101 ,.3434
L0000 33,4513 LOOO0
2101,3434 L0000 3038013 .,0000

Damping Matri::

121 .3€0%5 L0000 7402 .038

L0000 132.3067 L0000

7408 .0983 L QOO0 3426523 .34328
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Sti1ffness Matrix«

e s an e g

. <719, 100 o CHEO) LT AP X
L0GO 84705 . 2200 D000
£25%42%.1800 + 0000 388054529 .8468
3
f Undamped Natural Frequencies Mode #1 Mode #2 Mode #3
11.266 rad/sec 50.533 rad/sec 96.337 rad/sec
Damped Natural Frequencies Mode #1 Mode #2 Mode #3

11.851 rad/sec 50.469 rad/sec 4€.279 rad/sec

For Earthquake Acceleration of 100.00 % of the 1 OCT 87 WHITTIER CA

Ma~imums/Failures X (i1ns) Y (ins) Theta (rads) Time (sec)
Maxaimum X ~-.013138 12,70
Ma:i1mum Y -.00S077 &.16
Maxi1mum Rotation LQ009a% .11

Si1de block sliding L011763 L0030 000856 3.07

For Earthquake Acceleration of 40,00 % of the I OCT 87 WHITUIER CR

Ma:imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Ma:<imum X ~-.011224 13.77
Ma~<imum Y -.004%70 €, 1F.
Maximum Rotation Q0025 3.11

No failures occurred.

For Earthquate Acceleration of 39.00 % of the 1 OCT 27 WHITTIER CA

Ma-<imums/Failures X (1ns) Y (1ns) Theta (rads) Time (sec)
Ma-imum X -.0132007 2.77
Ma:imum Y =, 008087 &.1&
3 Ma.cimum Rotation LOO0IZE .11
Side block sliding LO11E50 000931 000843 .07

For Earthquale Acceleration of 2% .00 % of the 1 OCT 27 WHITTIER CA

Ma<imums/Fallures X (ins) Y (ins) Theta (rads) Time {ea= ¥
! e —————————— —————— mmee———e e ——— e —m———— = e ————
Ma:-1mum X -.01287¢ 12,77
Ma - 1mum Y -~ D0GIT7E £.1%
Ma.i1mum Rotation WOOIRE w.11
Side bloct sliding 011532 LOO0I71 Neloluiciol .07
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For Earthquake Acceleration of
Maximum X -.012744
Maximum Y

Ma-i1mum Rotation

Side block sliding 011415

For Earthquake Acceleration of

Ma<imums/Failures
Maximum X
Maximum Y
Ma.-1mum Rotataion
Side block sliding

(1ns)

-.012613

011507

For Earthquake Acceleration of

(ins)

-.012481

Maximums/Failures
Maimum X
Ma<imum Y
Ma<imum Rotation
Side block sliding

L011387

For Earthquake Acceleration of

Max1mums/Fai1tlures

(1ns)
-.01283%0

Ma- 1mum Y

Ma<imum Rotation

Side block sliding J2011287

For Earthguake Acceleration of

Maximums/Fai1lures X (1ms)
Maximum X -.01221%
Mazi1mum Y
Ma-<imum Rotation

Side block sliging V01103

35 .00 % of

27.00 % of the 1 OCT &7 WHIII1kn L&
13.77
- OU4 IR, €.1¢
000917 3.11
000961 000830 3.07

the | OCT 87 WHITTIER CA

Y (ins) Theta (rads) Time (sec)
12,
-.004374 s.16
000907 .11
.001823 «00085¢% 9.08
A5.00 % of the 1 OCT 87 WHITTIER CA

Y (1ns) Theta (rads) Time (sec)
13.77
-.0048824 .16
Q00838 .11
QU804 SOO0B47 qL OO0
34.00 % of the 1 OCT 87 WHITTIER CA
Y (ins) Theta (rade) Time (e
12.7¢
- 004773 s.1&
LOOOZEH F.11
L00178% LO00B838 3,028
F3.00 % of the 1 OCT 87 WHITTIER CA
Y (ing) Theta (rads) Time (sec)
132.77
-.004722 €.16
000873 .11
002500 L0054 .09
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For Earthquake Acceleration of 92.00 % of the

Ma<imums/Failures X (ims) Y (el
Ma:imum X -.012087 o
Max<imum Y -.004571
Ma.:imum Rotation o ) "

Side block sliding 010372 .00_2473
For Earthquake Acceleration of 91.00 % of the

Maz1mums/Failures X (1ns) Y (1ins)
Max1mum X -.011956
Max1mum Y - 004
Ma.<imum Rotation

No failures occurred.

-
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1 OCT 87 WHITTIER CA

Trhe o Tw
12.77
8,16
OO0 70 2,11
000845 3.0

1 OCT 87 WHITTIER CA

Theta (rads) Time (sec)
13.77
£ .1
000860 3.11




APPENDIX 4

California Division of Mines and
Geology Report on 1 October 1987
Whittier

survivability Comparison
Spreadsheets
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California Division of Mines and
Geology Report on 1 October 1987
whittier Earthquake , . « « .« .

o W P L T (S - S - _ .
t. R : Y - T -
¢,V >4 o v y,&z,c. gqqol > T L
37 Trae Or CaivOMIA=Im ESOURCES AGINGY - 1 of cloa
DLPARIMENT OF CONSIRVATION : )

DIVISION OF MINES AND GEOLOGY
OFFICE OF STRONG MOTION STUDIES

630 SERCUT DRIVE

SACRAMINIO. CA  #581¢

(PHONE 914-322 210%)

To : Strong Motion Data lsers

From : Tony Shakal and Staff T SU-.(
California Strong Motion Instrumentation Program (CSMIP)
Division of Mines and Geology/Department of Conservation

Subject: CSMIP Records from Whittier Earthquake of Qctober 1, 1987

Accelercgrame of particular interest recorded at CSMIP stations during the October 3 earth-
quake near Whittier, 15 km east of downtown Los Angeles, are attached. Over 35 records have
been recovered at this time; record recovery from cutlying stations is still underway. We
estimate that over 100 CSMIP stations have recorded the earthquake.

The map in Figure 1 shows the locations of the stations for which records are included here
and described below. The map also shows the locations of some of the other CSMIP stations
from which records are being recovered. Table 1 lists preliminary station epicentral
distances and, when available, peak acceleration values.

Ground-Response Stations:

o Alhambra - Closest CSMIP etation to the epicenter (7 km); instrument in a i-story echool.

o Obregon Park - Largest CSMIP ground acceleration, 45% g horizontal, was recorded st this
station approximately 10 km from the epicenter. The instrument is in a small building.

o San Marino - Closest station to northwest, relatively low amplitude (20% g).

o Dosmey, Inglewood, 116th St. School - These records from cloee-in freefield stations to tr
west of the epicenter are also included for reference.

Structures:
o Adrpin. Bldg. - Cal State Univ LA. Nine-story reinforced concrete building about 10 kan frc

the epicenter with a "soft first-story” design very similar to the lmperial County Service
Building in El Centro. Maximum acceleration of about 40X g at the base, and 50X g at the
roof. For comparison, the 1979 Imperial County Services Building record had a pesk value
of about 35% g at the base, and 60X g at the roof. The CSULA record is shorter in
duration, and has less long period energy than the 1979 record. This CSULA btuilding is
near the parking structure where the news reported a fatality from a falling concrete slat

o Los Angeles - Sears Warehouse. Large 5-story reinforced-concrete frame building about 14
Xuo from the epicenter. Peak acoeleration was 18X g at the base and 24X g at the roof.

o Burbank - Records from two buildings in the Burbank area, 25 km northwest of the epicente:
are included. A 6-story steel frame building had a base acceleration of about 25% g, and
roof acceleration of 30X g. A nearby 10-story reinforced concrete tuilding had a roof
acceleration of 55%.

Although definitive patterns await further data, it appears that San Marino, south of
Pasadena, had relatively low shaking (20% g) though only 10 ke from the epicenter. Many m:
distant stations have greater amplitudes. Pomona, 30 km east of the epicenter, had only 5%
ground acceleration (record not showm here), much lower than statione at a similar distance

to the West. A low acceleration record (5X g) was recorded at the base-isolated County 5
tuilding in Rancho Cucamonga. Some of the buildings from which records were recovered
suffered damage during the earthquake; damage information is incomplete at this time.

A 3tandard data report on all CSMIP records will be completed in several weeks. To allow

rapid distribution of these records, copies are being sent to cnly a subset of our normal
mailing list. You may wish to make more copies to distribute to your colleagues.
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TABLE I

CALIPORNIS STRONCMOTION INSTRWENTSTION PROCLIN (CodP}
S4T4 AECOTERED PROR ASCRNT RAPTIOGIIRS
(P3le last wpgaied: § Ovtever 1987, 12:00 PoT)

Carthquake 18 WRiitier ares, ot of Los h‘dn

1 Ootoder 1987, “07:82 POT

3.0 & (e
Spseester (Prelistaary): 30.060, MND.ON (CIT)

Nsiien
fane

)

Splevatrel
N.iat V.ileng Pinnlxw) 23° Mes. betelerstise

1 Sidasbrs « Freseat $ehesl
A0 San Marine - ¥ icedeny
20080 L.2. - CAS Adein. Duilding

20800 L.4. - Obreges Paru
20802 Altedens - Batos Conyon Pars
28063 .4, - Seers Verghause

14368 Sowney
3% M. Viisee
14001 .4, = 1%th St. 3eheol

23210 Cogevel) Dan

20236 L.A. - Rollywend Storage Blag.

2030) 1. 4. -Nollyvood Star. Blag. P17

23328 Puddsngstons Dan

14196 Inglewood-Unics 011

WIT0 Burvenk - Calif. Tod. Seviegs

28383 Burtesk - Pacific Mysor

28268 1.4, - Worih Nellyvood
Ineratos Hotel

25511 Pomone - Tirst Fed. Savinge

25525 Pomods - WLk & Lecust FP

12111 Long Bese!
eagin

18201 Loag Besch - Becraation Para
20337 L.&.-0Q.4 Meth. -Sciesce Bleg.

13533 Long Besed - City Hal)

18323 Leng Seoch-Rarber Adatn. Sidg.

1439% Leng Besch-Nyrver Adnis. FY
20327 Shersas Oaks-Uates Sans Glég.
10806 L.3. - Vinceut Thomas Bridge
20087 Arlets - San Fernands

13122 festreriy Pont

20386 Yon fuys - Neliday Ine

20207 facoime Dao

20036 Tersans-Codar Bii) Wyrsery &

20518 SylgerDisve Tiew Meg. Carr.

23897 Ranghe Cucomongs ~ Law & Just.

Cu ter

35750 118,200

wenvan sween

.00 118.1%8 T (%) 0.00g Beris., §.20g Vert.
J8. 115 11018 [ ] (321} 020 8, 0.90 ¥

30.067 $18.943 ] 11T) Srowas: 6.39¢ 8, $.00 ¥
Streetury: 6.08g B, 0.5%

30.037 115978 19 (254) e.a%gm, 0.15g Y
INTT 11809 1y (s

30,020 118.22) ” (254) Crewmg: 0.90g 8, 9.99¢ ¥
Nrveture: 0.2 ¥

33.928 118,167 ” (210) ¢.20g2, 0.17g ¥
30,220 118087 " %)
33.929 16.280 o (230 e 0.1 Y
30285 MT.MR n )

30000 116.330 3 (70) Gremq: 0.125 B, 0.0 ¥
. Strueturs: 3,23 8

35.090 218.339 2] (Ne) s.2%gn, 0.08g ¥

32.091 117.008 » (81) Growad: 0.07¢ R, 0.0% ¥
Structurg: 0.V8g N, 0.09¢ ¥

33.908 V.18 25 (228) 0.20¢ 6, 0.08g ¥

34.185 118.308 » (301) Grevse: 6.223 0, 0.10g ¥

Structure: 0.%0g € .

30,187 18N » : 0.26g U, 0.08g ¥
: 0.9% 8

IN. 130 118,398 »n {209) Crowae: 0.7g B, 0.00g ¥
Siruciure: 9.16g

30.056 117108 3o (90) Crownd: 0.05g §, 0.00g ¥
Mrottury: 0.10g 8

38.056 11Y.708 » (90} Crewsd: 6.076 0, 0.06g ¥
33.183 118192 3 (3} triggered

33.718 138133 n» {190) Triggered
30.048 118,002 Je (n2 Triggeres
33.760 118,198 M (199 Triggeres
33.188 t18.206 () Tragree
”» O triggered
8. 650 110063 » a0 Triggered
33.1%0 W7V » {28)
Je.236 118.038 ¥ ()01) o.ongn, 0.0 Y
3).86y 1.1 (1] (122}
36,22 118070 an {298} Triggered
38300 118,39 [}} (318)
90,160 119.938 1] 120%) Triggered
IN.32¢ 1ML [T S 1)

3. 108 V17,970 " [{ )] Crovad: 9.0 0
Structure: ¢ n

. lu-vm from agrihquake epicerisr Lo statien, OF frem 8, 6-380 ¢og.
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14
Los Angeles - Sears Warehouse
(CSMIP Station No. 244863)
INSTRUMENTATION LAYOUT
2
~ ﬂ
g
:9 *
T 3
2
"i ' = | puctile Reinf
i . ol Lo s
WIE Elevation Mreetes mutioing cote "
Designed in 1970
3
2 i
10
Roof Level
5
4 'F
1
3rd Floor : 4‘ 200-6"
———— e e —— .,T_
' 9
=1
6 7' o gl
177 S 13
1
2nd Floor Basement
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148 VR REGRESS
] SYSTEW CURVE
0ATA
wlt OO B FT
[T 2 T
zi¢  TIMGER 8 F7
el TIMEER fe FT
TIME SIIE COMP oEEL 16 FT
OF &Y
Cof 1z FY
CoF 16 F1
COw SI0E TIMK VEEL 12 FT
COMF SI0E Time (EEL 12 FT 0,0742%
COM® SIDE TIMK KEEL 16 FT (.062200
Wy, SiGMah BILINEAR _irdee I'RUE LINE REGRESS
FREQ n 5 3 H WA N
s, IRVIJED SURVIVED DURVIVED SUEL VD
24N 295 2% Reoression utput:
2% £3% 2% (onstant
I3 I csastd Err of ¥ E5t
21 £1% 254k Squared
e 2% 25%No. of (mservations
itn 433 25%Deorees of Freedoa
M N 5%
k1 %11 25%¢ Coefiicientis) 0.001465
3% k<4 25%5td Err ot Coef. (.0RE1S2
288 Ftoxd <24
2 '+ 3]
H i 25
44 224 25%
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~ b4 5%
2 41 5t
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£4% 2a% 25%
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2.

3.

4.

S.

6.

APPENDIX S

“3DOFRUB"” Isolator (EL Centro)
Input Data File

“3DOFRUB" Isolator (EL Centro)
Output File

“3DOFRUB" Isolator (NORM DD2)
Input Data File

“3DOFRUB" Isolator (NORM DD2)
Output File

Isoclator Equivalent Modulus
Stiffness Spreadsheets
Required Isolator Characteristics
Spreadsheet
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‘ “3DOFRUB" Isolator (EL Centro) J
R .o Input Data File . . . . . o o
wusSHIF/SUB DRYDOCK BLOCKING SYSTEMes« [ATA FILE: E:S8916000.DAT

#xa INFUT FILE DATAns#

14

SHIF NAME: LAFAYETTE SSEN £1¢

DISCRIFTION OF 1SOLATORS IF USED: &" RUBBER CAF W/ ISOLATORS
NISCRIFTION OF BUILDUF: 2 SFACING COMFOSITE

DISCRIFTION OF WALE SHORES USED: NO WALE SHORES

DISCRIFTION OF DAMFING: E8% DAMFING

-OCATION OF DRYDOCK BEING STULDIED: NO SFECIFIC LOCATION

NAVSEA LIOCKING DRAWING NUMEER: &4%5- (Gad..:in

REFERENCE SFREADSHEET STIFFNESS CALLC FILE NAME: S1SHVEL .WEL1  ETC.
MISC. COMMENTS: SS91RISO.DAT 124% 1% FER &8

PRESS ANY KEY TQ CONTINUE...

SHIF WEIGHT (KIFS) We 1€3¢9.9
HEIGHT OF KG (IN) H= 193
MOMENT OF INERTIA (K IFS#INsSEC"2) Ik= 2410451
SIDE FIER VERTICAL STIFFNESS (L IFS/IN) Kvem 1303.228
SIDE FIER VERTICAL FLASTIC STIFFNESS (KIFS/IN) kvsp= 40%92.1
FEEL PIER VERTICAL STIFFNESS (KIFS/IN) KVE= 8062.,08
~EEL FIER VERTICAL FLASTIC STIFFNESS(KIFS/IN) EVKF= 22101 .21
4EIGHT OF WALE SHORES (IN} ARAE O

JALE SHORE STIFFNESS (KIFS/IN) KS= O

SIDE FIER HORIZONTAL STIFFNESS (KIFS/IN) FHS= TS

EEL FIER HORIZONTAL STIFFNESS (KIFS/IN) kHk= 871,91

SJIDE PIER HORIZONTAL FLASTIC STIFFNESS (KIFS/IN) kSHP= 11.12
-EEL FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/IN) KKHF= 42,02
IXESTORING FORCE AT O DEFLECT HEEL HORIZ (L IFS) GRI= 125,08
SESTORING FORCE AT O DEFLECT SILE HORIZ (LLIFS) Qh2= 18.4

SESTORING FORCE AT O DEFLECT SIDE VERT (KIFS) QDZ=-17723 .63
SESTORING FORCE AT O DEFLECT hEEL VERT (KIFS) QD4=-3T77 .02
SRAVITATIONAL CONSTANT (IN/SEC-2) GRAV= 28L& .03

*RESS ANY KEY TO CONTINUE...

SIDE BLOCH wWwIDTH I SEW= =u¥

" YEEL BELOCH WIDTH  (IN) b RW= a3

; SIDE BLOC REIGHT (IN) ShH= 7%

. REEL BLOCK HEIGHT (IN) FRH= £

: BELOCH ON BLOCKE FRICTION COEFFICIENT Ui=s %

~ HULL ON ELOCH FRICTION COEFFICIENT ug= .7%
SIDE FIER TO SIDE FIER TRANSVERSE DISTANCE (IN) BR= 144
SIDE FIER CAF FROFORTIONAL LIMIT SCFL= .7
VEEL TIER AP FROFORTIONAL LIMIT rCPL= 7
TOTAL SIDE FIER CONTACT AREA (ONE SIDE) (IN'2) SAREA= B3S2
TOTAL t EEL FIER CONTACT AREA {IN 2) t AREA= T%9440
FERCENT CRITICAL DAMFING ZETA= .02
HULL NUMBER (XXXX) HULL= £18
SYSTEM NUMERER (YYX) NSY&= g1
CAF ANGLE (Raln BETA4= ,377

FRESS ANY KEY TO CONTINUE...
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“3DOFRUB" l!solator (EL Centro)
output Fi le L ] [ ] L] . [ ] ® L] L ] L ]

*% Hull £16 ®%

s Ship Farameters =
wWeiaght Moment of Inertia t.G.
1&32€9%.% Lips c4104%1 .0 Lips—in-sece 193.0 1ns
+ Drydock Farameters #

Side Eloch Height Si10e Elock Width teel Elock Height Feel Elock Width
7%5.0 1ns 939,0 1ns 1.0 ins ¥99.0 ins

Side-to-Side Fier [istance Wale Shore Ht. Waie Shore Stiffness Cap Angle

144.9 ins .0 ins .0 kips/in 377 rad
1Side Side Fier Contact Area Total Keel Fier Contact Area rkhp
23%2.0 in2 $5440.0 in2 42.0 kips/in
E/B Friction Coef+ H/E Friction Coef¥ kshp kvsp
3,000 750 11.1 kips/in 4033.1 kips/in
Side Fier Fail Stress Limit t.eel Fier Fail Stress Limit kvkp
L700 kips/ing L7200 kips/ing 22101.32 kips/in
Side Fier Vertical Stiffness Side Fier Horizontal Stiffness
1302.2 kips/in 5.0 kips/in
tleel Fier Vertical Stiffness reel Fier Horizontal Stiffness
20e2.l kips/in 271.9 kips/in
ant one apz D4
12%9.) kips 12.4 kips -~1772.& kips -9%77.0 kips

% System Farameters and Inputs
Earthauake Used 1s 1940 EL CENTRO
Horizontal acceleration input is HORIZONTAL

Vertical acceleration input 1is
Earthaquake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment

1.000 L0010 sec
Gravitational Caonstant % Svetem Damping
286 .09 1n/sec? .00 %

Macs Matrix

42,293 L QOO0 2182.0420
QD00 42,2232 «OO00
B183.0420 QOG0 2410451 . 0000 ¢

Camping Matrix

17.2:98 SR000 1322.85%7

L0000 107 ..2096 0000

1207 2EED DTV UnY IRLOe, DEYHD
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pREE =T

SN

281.33100
L 13000
1540 D000

Undamped Naturat Frequencies

Dampeg Natural Frequencies

For Earthquake Acceleration of 100,00 % of the 1940 EL CENTRD

Maximums/Failures

Ma:imum X

Maximum Y

Ma:imum Rotataion
Side block crushing

For Earthaquake Acceleration of

Ma:imums/Failures

Maximum X

Maximum Y

Maximum Rotation
Side block liftoff
Side block crushing

For Earthquake Acceleration of

Mazimums/Failures

Maximum X

Maximum Y

Max:imum Rotation
Side block littoff
Sicge block crushing

For Earthauake Acceleration of

Ma.1mums/Failures
Ma: imum X
Mavimum Y
Maimum Rotation

No failures occurred.

Sti1ffness Matri:
L0000

10268 . S400
0000

Mooe #1

1.724 rad/sec

Mode #1

1.778 rad/sec

X (ins) Y (ins)

£.¢E395%
-.518443

.24839C -.30332S3

90,00 % of

Y (inw)

-y

X (ins)

~.338401

098785
4 - 101848

80.00 % of

X (ins) Y (ins)

-%.72202%4

21e .124221

&1 ~-,103702
70.00 % of

255

1540 ., 0000

D000

1010%e27.128%

the 1940 EL CENTRO

the 1340 EL CENTRO

the

=

o

Mode %2

.S€4 rad/sec

Mode #&

T.24% rad/sec

Theta (rads)

Moce &3
15.863 rad/sec

Mode 2
1%.812 rad/sec

Time (sec)

- - = >

= 009067
008030

Theta (rads)

g.2%
S.e3
.47
S.86

Time (sec)

-.018778
-.0124%2
-.010844

Theta (rads)

.97
S.el
7.34
7.2

7.24

Time (sec)

-.011%79
- 01195
-.010872

1940 EL CENTRO

Theta (rads)

D

EYRENENNT T\
N we-H
L) )

Time (sec)

- e s o A ———— o~ =

-.0109t2

£, 9%
SL.E0
7.21

Bi . . &

- 1%




For Earthguare Acceieration of 7%.00 % of
Ma:i1mums/Failures X (i1ms) Y {(1ns)
Maamum X -S.eE84E2

Ma 1 mum ¢ - .2534e%
Ma:-1mum Rotation

Side block liftof¥f -1.062887 .1532909
Si1de block crushing -1.33259%2 ~,102%9%%

For Earthquake Acceleration of 78.00 % of

Maximums/Failures X (ins) Y (ins)
Ma:cimum X -5.€14749

Maximum Y ~.242951
Maximum Rotation

Si1ge block li1ftoff -1.03e571 .1%52184

For Earthquake Acceleration of 77.00 % of

Maximums/Failures X (1ns) Y (ins)
Ma:imum X -5 .54egz02

Maszimum Y ~.244477
Ma: imum Rotation
Side block li1ftoff = . 938025 . 150506

For Earthquake Acceleration of 76,00 % of

Ma:imums/Failures X (ins) Y (ins)
Mazaimum X ~5.424300

Maz:zimum Y -.3400032
Ma:imum Rotation

Side block liftoff —-.a2322% .171991

For Earthquake Acceleration of 7%.00 Y% of

Ma:imums/Farlures X (ins) Y (1ns)
Ma:imum X -S.419282

Ma~imum Y -.228%30
Ma-imum Rotation

Side block liftosf -.31732E3 183728

For Eartnquale Acceleration of 74,00 % of

Ma.cymume /Faili-ae Y {ame) vV fime)d

256

the 1340 EL:CENTRO

Time

the 1940 EL CENTRO

the 19340 EL CENTRO

Theta (rads)

Time (sec)

Time

the 1940 EL CENTRO

Theta (rads)

€ .95

5.0

7.2

7.3

Time

the 13240 EL CENTRO

the 1940 EL CENTRO

NNdae
W W .0
W-CAn

£33 43 1T o
Pa0L

[OSS

Time




‘
< Ma-imum X -%.3%521 % £ .95
! Ma:-1mum Y - 3T10% A
Ma:1mum Rotation -.C11318 7.21
Side bleck liftofs -.Z18ted 183218 -.11208 7.24
2 For EarthgQuase Acceleration of 72.00 % of the 1340 EL CENTRO
&
: Maxi1mums/Failures X {(1ns) Y (1ns) Theta (rads) Time (sec)
Max1imum X -5.327772 £, 25
Maimum Y -.32£%82 T.E0
Maximum Rotation -.01119€¢ 7.31
Si1de block sliding -.72e124 V190748 -.010985 7.2%
Side block overturning -.72&184 190748 -, 010986 7.2%

For Earthquake Acceleration of 72.00 % of the 1330 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
amum X -5 .2e13e :

imum Y -.322108

Ma:imum Rotation -.0110

g

RELE
00w
L’Oi.ﬂ

2
2

No failures occurred,
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&
- “3DOFRUB” Isolator (NORM DD2)
‘ Input Data File « ¢« ¢ « ¢ o &

#s8SHIF/SUR DRYDOCK. ELOCt ING SYSTEM##«& [ATA FILE: E:SE¥300111.DAT

aan INFPUT FILE DATA#»s -

SHIF NAME : LAFAYETTE SSEN €1

DISCRIFTION OF ISOLATORS IF USED: &' RUBBER CAF W/ ISOLATORS
[ISCRIFTION OF BUILDUF: € SFACING COMFOSITE

DISCRIFTION OF WALE SHORES USED: NO WALE SHORES

UISCRIFTION OF DAMFING: 2% DAMFING

LOCATION OF DRYDOCH BEING STUDIED: DD2 LENSY

NAVSEA [IOCH ING DRAWING NUMEER: S45-200€£40

REFERENCE SFREADSHEET STIFFNESS CALC FILE NAME: S1SkVE1.WKL ETC.
MISC. COMMENTS: SBIZDII1.0AT 1295 17 FER &8

PRESS ANY KEY TO CONTINUE...

SHIF WEIGHT (KIFS) W= 1£369.9
HEIGHT OF kKG (IN) H= 192
MOMENT OF INERTIA (KIFS#IN«SEC"2) k= 2410451
SIDE PIER VERTICAL STIFFNESS (} IFS/IN) Kvs= 1302.23
SIDE FIER VERTICAL FLASTIC STIFFNESS (LIFS/IN) Kvsp= 4092,
KEEL PIER VERTICAL STIFFNESS (+1.IFS/IN) KVk= 8062.08
VEEL FIER VERTICAL FLASTIC STIFFNESS(KIFS/IN) KVKF= 22101 .21
HEIGHT OF WALE SHORES (IN) ARA= O

WALE SHORE STIFFNESS (HIFS/IN) ES® Q

SIDE FIER HORIZIONTAL STIFFNESS (FIFS/IN) KHS= 44

EEEL FIER HORIZONTAL STIFFNESS ¢ JFS/IN) KHli= 217,00
SIDE FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/IN) KSHP= 8.89333%
VEEL FIER HORIZONTAL FLASTIC STIFFNESS(KIFPS/IN) K¥HF= 33.62
RESTORING FORCE AT © DEFLECT KEEL HORIZ (LIFS) @hOl= 108.05
RESTORING FORCE AT O DEFLECT SIDE HORIZ (LIFS) QD= 14.72
RESTORING FORCE AT O DEFLECT SIDE VERT (KIPS) QD2=-1772.&3
RESTORING FORCE AT ¢ DEFLECT rEEL VERT (K IFS) QLA=-9577.02

GRAVITATIONAL CONSTANT (IN/SEC &) GRAV= 323& .09

FRESS ANY FEY TO CONTINUE...

SIDE BLOCY WIDTH (IND SEwW= 933
FEEL RLOCH WIDTH (It b

SIDE BLOCK HEIGHT (IN) SEH= 7%
t EEL BLOCK. HEIGHT (IN) KEH= £l

BLOCY ON BLOCY FRICTION COEFFICIENT ul= %

HULL ON EBLOCH FRICTION COEFFICIENT ug= 7%
SIDE FIER TO SIDE FIER TRANSVERSE ['ISTANCE (IN) BR= 144
SIDE FIER CAF FROFORTIONAL LIMIT SChL= .7
FEEL FIER CAF FROFORTIONAL LIMIT LCPL= 7
TOTAL SIDE FIER CONTACT AREA (ONE SILDE) (IN 2) SAREA= 8352
TOTAL HEEL FIER CONTACT AREA (IN &) FAREA= ST440
FERCENT CRITICAL DAMF ING S oo e
HULL NUMBER (XtXX) HULL= 1%
SYSTEM NUMEER (XXX) NEYE= &5l
CAP ANGLE (RAL) BETA= .3277

FRESS ANY tEY TO CONTINUE...

258




Output File . . .

Weight Moment of Inertia
3 2410451 .0 kips-i1n-seca

Sice Elock Height Side Bloct wWidth
7%.0 ins WFH.0 1ns

Side-to-Side Fier [histance
1Side Side Fier Contact Area
g252.0 in2

B/R Friction Coet+ H/E Friction Coef¥
7,000 L7550

Side Fier Fail Stress Limit
L7200 kips/ing

Side Fier Vertical Stiffness
1302.2 kips/in

Keel Fier Vertical Stiffness
SOE2.1 kaips/in

Qo ene
102.1 kips 14.7 kips

8 MHull £1£ we

Wale Shore Ht.,
144 .9 1ns .0 1ns

u “3DOFRUB" Isolator (NORM DD2)

# Ship Farameters «

[ c N
192.0 1ns

s Drydock Farameters #

t.eel Block Height

€1.0 ins

tecl Eloct idth
999.0 1ns

Wale Shore Stiffness Cap Angle

Total teel Fier Contact Area
£5440.0 i1n2

kshp

2.9 kips/in

teel Fier Fail Stress Limit
700 kips/ing

ouz

-1772.& kips

* System Farameters and Infuitl= #

Earthquake Used is 1 OCT €7 WHITTIER » 10.34

L0 kips/in \2377 rad

kkhp
23.6 kips/in

kvsp
4092.1 kips/in

kvip

228101.2 kips/in

Side Fier Horizontal Stiffness
44,0 kips/in

beel Fier Horitontal Stiffness
217.% kaips/in

3473
-9577.0 kips

Hori1zontal acceleration input 1s LENSY DD2 TRANSVERSE COMFONENT

Vertical acceleration i1nput is LBNSY D02 VERTICAL COMPONENT
Earthquale Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio

3,000

Gravitational Constant Y% System Damping
ZEE.03 1n/sect .00 %

Mass Matri:

] 47 23 LSOOG
LOOO0 42,3732
$183.0420 LOO00
; Damping Matri=
15.2027 L0000
000 107 &0,
177a 2244 CHO
o

EI1&8L Ny
LOO00
410451 0000

1723 .83244
Rulnlinly}
UNT4r LAZN

Data Time Increment
L0010 e

i,

1Y




Sti1ffness Matrix

305 .5300 QOO0 1232.0000
SOOOG 106628, 5400 L0000
1222 . 0000 L0000 10109219,.132%
Undamped Natural Frecuencies Mode #1 Mode #2 Mode #2
t.722 rad/s€c £.82% rar/es 18,580 paidle
Damped Natural Freguencies Mode #1 Mode %2 Mode #3

1.717 rad/sec $.416 rad/sec  15.812 rediea .

For Earthquake Acceleration of 100.00 % of the 1 OCT 87 WHITTIER # 10.94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sei)
Maximum X € . 423004 1€.72
Maximum Y 292265 S.72
Maximum Rotation -.019115 14 .50

Side block liftoff 2.744%72 L042471 012138 13.86

Side block crushing 2.744%572 (42471 0131328 12.86

For Earthquake Acceleration of 90.00 % of the 1 OCT €7 WHITTIER # 10.94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Max<imum X S.,717000 13.73
Maximum Y .2628132 s.72
Maxaimum Rotation 015841 17.17

Side block sliding -1.38760% 006875 .013%40 1,18

Side block overturning -1.9¢7c0%9 SO0EL SO EE 16 15

Side block lifto++ ~1,9e2900 025200 .012302 1£.19

Side block crushing -.,720429 -~ .05583 -.01175% 14.4%

For Earthguake Acceleration of 20.00 % of the 1 OCT 87 WHITTIER # 10.94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (ce:)
Mazamum X S.21084% 12.72
Ma<imum Y 222091 S.72
Maximum Rotation 015243 17.17

Side block liftof¥f LE1T97S 005610 013596 17.08

Side bleoch crustang - 05472 -~ 04Tl = 0118 14 .15

For Earthquake Acceleration of 70,00 % of the 1 OCT 87 WHITTIER » 10.94

Maximums/Failures X (ing) Y (ing) Thet. ‘et Tree
Maimum X -4.,878z04 9,00
Maximum Y L200%66 .72
Masiimum Rotataion LOLEE 171+
_Sioe bloch «ladinn LORRERE - L 0120PP .12 s 17 .12
%
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- k£
Side block cverturning

Sioe block lifto++
Side block crushing

n

W -~

o BT
dN D
—- L
R AN

0

For EarthqQuale Acceleration of

Ma<i1mums/Failures
Maimum X
Maz1mum Y
Ma-imum Rotation

No failures occurred.

X (1ns)

S .014680

For Earthquake Accelevation of

Maximums/Failures
Maimum X

Maximum Y
Ma::amum Rotation
S)de block sliding

Side block overturning

Side block liftoff
Side block crushing

X (ins)

- Q1208
LO0S1%S
~, 0207438

&0 ,00 % of

Y (i1ns)

167210

€3.00 % of

Y (ins)

-4 .733886

- L 00BTES
-, 002885
L 434491

2.42¢910

For Earthguake Acceleration of

Maimums,Failures
Maximum X

Ma=imum Y

Maximum Rotation
Side block crushing

X (ins)

For Earthquate Acceleration of

Maximums/Failures
Mazimum X

Mas:imum Y

Ma>imum Rot&tion
Si1de block crushing

For Earthquale Acceler

Mavimums/Failures
Ma::imum X
Maziamum Y
Macamim BAatatiAm

ation of

195218

= 000044
-.005044

002213
-.02242¢

£B8.00 % of

Y (ins)

£7.00 % of

ExLO0 % of

261

O A 17,1
013670 17.13
=, 011500 1€ ,0e

the | OCT 87 WHITTIER » 10.94

Theta (rads) Time (sec)

12.77
5.72
- LO07604 1e.17

the 1 OCT €7 WHITTIER = 10.94

Theta (rads) Time (sec)

9.09

S.72

012709 17.16
O1E R 17.1F
013709 17.16
013626 172.14
-.011927 15,60

the 1 OCT E7 WHITTIER &« 10.34

Theta (rads) Time (sec)

9.09
$.72
.012%40 17.1&
L0117 1€.,09

the 1 OCT 87 WHITTIER # 10.94

9.03
<.72
SO EYET 17.1#
LO11623 16,03
the 1 Qf1 /7 B gt 7 10054

Theta (rads) Time (sec)

13.72
S.7e
N1 o2 17 &




L e L= T R RN P o] bt N

Siage block liftofd LSEGELS M IWTRIRY) RS b 17.1-
Siae dlock crushing 1.2%8601 -.0138%% -.0121%7 1%.57

For Earthquaie Acceleration of €5.00 % of the 1 OC1 &7 WHITiles # 10O

Maximums/Fallures X (i1ns) Y (ins) Theta (rads) Time (sec)
S.27¢29: 12.7%
A8 u &
Ma:imum Rotation 012521 17.15
Side block crushing FEELO9 LOOL220 012013 17.17

For Earthquake Acceleration of £4.00 % of the 1 OCT 87 WHITTIER « 10,94

.Y

Maximums/Failures X (ins) Y (ing) Theta (rad-d Time (e
Maximum X S .787E44 12,79
Maximum Y 178997 .72
Maximum Rotation L1e18% 17.1%

Side block crushing 738469 -,004347 012173 17.16

For Earthquake Acceleration of E€Z.00 % of the 1 DI &7 Wi, i1k ¥ 10

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Maximum X S.729950 2.75
Maximum Y 176201 S.e

Maximum Rotation .011489 17.11

No faitlures occurred.
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Isolator Equivalent Modulus
rre-: Stiffness Spreadsheets., . .

HOKIZONTRL STIFFNESS MATATY FiR & LAYERS CAI5i85 SO0 NG DRRRING &) 7r ALY (WP
AND 1SCLATORS

SYSTEN 86

THIS IS & KEEL SYSTEY FOR Wiws 6lc Witk & FT BUILDWP

8 FOGi CENTERS

ELERENT 81 CONCRETE

et TRUNEVERSE WE1GHT
3 B u 1 Ll
#sh) N (N (N4 (s
4000040 2 1 e 2
EEILNY BB RN 2L
UITTNISE. I 2PN 2291T6aadtc 114638000000
RIGIDITY g 3Eh ELENENT
Blr ReIN SHEAR
PS1) N DEFLECTION
(IN)
RS it 55900055308

ELEMENT # 2 DiS SSOLATSRS
MEPTH TRANSVERSE HEIGHT
: v R 2 12 L2
iPS1) (NS (N N6 1N
899 2 ] 387072 2
SNl P 13V 222
£4952,49783  22248%52.4647 45133458 20041728
R1B1BITY 06 SHEAR ELENENT
sir CONTALT STRRIN SHEAR
#5h AREA NN DEFLECTION
VND) (I
N AT 0™ 387054 IR SN
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ELEMENT 4 3

LOLGLAS FIR

DEFTE  TRANSVERSE HETGHT
& Y o 1 :
L N} (1N} LN 1]
o 175549 2 ® 77672 i
CEIIATY SEIIATY ALY 2ENIAL
BASKEN D LETIEeln LTIBEel 1LIS0El
iy 1 SHEAR ELEPENT
fir cowtz STRAL SHEBR
w50 At (NN DEFLECTION
(N2 {IN)
e Tis G.CRTSSSGN 00008355564

264

ELEMEN § & RUEBER
JEPH TRANSVERSE HEIGHT
£ [ hé 14 L3
PS1) 1IN) Bt H LN} am
992 42 48 187072 [
EHLET sRaI/L4R2 CEATA/LE 2E414/04
201II0807 8.399E+07 2.55988+08 1.2799€+08
RIBIDITY P SHEAR ELENENT
Gir CONTACT STRAIN SHEAK T07AL
P51 aked (N1 DEFLECTION - SNEAR
N (N} DEFLECTION (IN)
238 LD 0.0021174088  0.0:2680439 2.6433E-04
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LY

[\

n

[+

L)}

9.4393E408

1LOTATEL0

4193E+08

1. 2743E+10

0.0000€+00

0.0000€+00

0.0000E+00

0.0060E+00

0. 0000 +00

0,0000€+00

1. 27438410
2.2938E+11
-L2M3E 10
1. 1469€411
0.0000E+00
0. 0000€+00
0. 0000E+00
0. 00006400
0.0000E+00

0.0000E+00

-9.4393€+08

-1 20436410

9. 4410£+08

-1.2741E410

-1, 6493E405

2.2209€406

0. 0000 +00

0, 0000 +00

0. 0000€+00

0.0000E +00

STIFFNESS MATRIY

1.274E+10
1. 1489E4+(1
-1 2THE40
2. 29426+ 11
-2, 2269€408
2.0042€+407
0. Q000E 400
0, 0060£+00
0.0000€400

0,000 45

0.0030400

0.6000E+00

-1, 6493E+05

-+, 22696406

B.1540E 1)

407708411

-8. 1540 +1)

4.0TT0E¢ 11

0.0000E 400

5. 0000E+00

0, 6000E <00

0.0000E+00

2.2209E40b

2.00426407

4.0770E 11

2. 71648+ 11

.0770E+11

1.3590€¢11

0.0000E400

0, 60008+ (60

0.0000£+00

0. 0000€ +00

0. 0000E +00

0,0000€ +00

-8, 1540E+11

0770£+11

9, 15426411

-4,0784€¢ 11

~2.13320€407

8.39959E 407

0.0000£400
0.0000€+00
0.06000E400
9.0000£ 400
4.0770E¢ 11
1.3590E+11

0764E¢11

2.7206E+ 1
-6.39359E 407

1,27992€+408

0.0000€+00

0, B0GIE4 00

0.06000€+00

0. 0000E 400

0.00GOE+00

3, 0000E400

-2.13320E+07

-b.29938E+07

LATI20E407

-6, 399596407

0.0000E+00 ql
0.0000£400 thl
0.0000+00 q2
0.0000£+0D th?2
0.0000€+C0 o3
0.0000€400 th3
5.39959€407 b
$.27992408 thé
-6.39959€407 oS

2.55984E408 thS
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ENCHN vALLES: 3§ OF SYSTEN BLOCKS =

(18 -1000 1bs
M= QLelLlel2n3old) = -61000 INW.BS
S23M7 QT =AY = Mh = Q4 = NS 0

= 1000 1lbs

ql = thi= 0

SOLVED UNKNOMNS:
a2 0.0000122419 in
th 0.0000008283 rad
-3 -0

a3 0.0337143375 in -1003,86391667  -34060. 4835

thl 0.0020445601 rad

b TITRIENTY R

a

the 3,002080055% rag

a5 0.0482283934 in -BR4628. 95774 -3818464. 4599

thS  0.0020915278 rag

133 TG0

¥ (BENC HORIZ) FOR 1 MEE. BUOCK = 07953.465505 lbs/in 27,95 T465505 KIESIN
K (BEND WORIZ) ALL KEEL BLOCKS = 1537990.80I3 ids/in 1937.9906028 kiFS/IN
-—

................... Nemmcrecacraeecacsecccracmammensvmcccceacaana

MATR]X CHECK:

P H =1520,00%0
LI -61000,0000
Q- 0.0000
L §.5000
LM 0.0¢09
LM 0,0460
- USRS
bLES 5,053
05 100, 0000
LN 0.0000

TOTAL KEEL BLOCK MORTIONTAL STIFFNESS COEFFICIENT CALCULATION:
SYSTEN 85 1° RUBSER CAP W/ ISOLATORS

Khk (SIDEBLOCK HORIZONTAL STIFFMESS) = P/(BENDING DISPL ¢ SHEAR DISPLACEMENT)

Khi : 3.96 KIPS/IN (PER BLOCK)
217,53
Khk = 217,78 KIPS/IN (ENTIRE KEEL BLOCK SYSTEM)
266
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ofey-iE

ALRIIONTAL STIFFNESS WATR IS £0% 8 [aveR$ SRIZINGL DITRIND TRImING miTh RUFEIR (AP

ARD ISQATSRS

SYSTEM 84
L SYSTEM FOR HULL 616 BITH & FT BylLDUP
3 7337 CENTERS

ECEMENT 31 CONCRETE

T3} TRANSVERSE HE 15T
3 81 LH I il
iPS1) BN {1 (I [ 1]
1.0CE 50 (% 48 B a
(ELINLLTS SEHTIALLT2 dELTLALS €L

2.1398754E457  T.1BSTTTBESST S.7344000E+54  2.8672000€¢54

RIGIDITY i+ SHEAR ELEMENT
8lr CONTACT STRAIN SHEAR
‘PShY ARER (IN/IR) DEFLECTION
(N2} i
AT T 1) e §.0571958E-51  2.2300439E-49
ELEMENT & 2 QAr
DEPTH TRANSVERSE HE1BHY
£2 82 H2 i? L2
[t430] {IN) (I 1IN ) (1IN}
1.00€+50 2 [ 387072 [
1E212°02°Y eR21T7L340 4£212102 k21212

Riaialty 0P SHEAR ELENENT
ir CONTACT STRAIN SHEAR
PsSh AREA [RLTALY] DEFLECTION
(N2 (N}
LIEed? 2004 4, 90717SE-50 2,97815050-49
267
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ELEMENT 8 3 DOUGLAS FIR

DEPTH TRANSVERSE HE D GRT
£3 B3 L} 3 L3
1558 {w [§L 1 L)) i
1.00E+50 ¥ 48 187072 1
LEIINIT &3133°2 $EII3 I3
4,5H%E5h P T 1.5483E+38 14148455
RIGIDITY i SHEAR ELEMENT
61r ConTacy STRAIN SHEAR
el AREA {IN/ IR DEFLECTION
i LiN)
1.00e+49 216 4,90031758-50 4.960117SE-50
ELEMENT 0 4 DIS ISGLATOR
DEPTH TRANSVERSE HEIGHT
Ed B4 LU 14 L
{PSI) in Bt 1] (InQ {n
-
899 Q? L} 387072 ry
12E418/L4°T  LEATALARZ dedling RALALA
1, 6495E+05 L. 2269E+06 4.0083€+07 2,00428467
RIBIDITY TP SHEAR ELERENT
6lr CONTACT STRAIN SKERR TOTAL
(P8 AREA (NI DEFLECTION SATAR
w2 iiN) DEFLECTION (1M
5.998+01 141,02 0.6101375791  0,273714636( 2.1371E-01
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gt
doa b

i i i

.

S41 £0+35£800°8
b 90+398922°2-
P L09301900°2
¥ 90039892272
£43 00+30000°0
£b 0043000070
293 00+30000°0
b 00430000°0
141 00430060°0

10 0043000070

904390950 °2-

S0+325609°1

904358982 ¢ -

S0+32G6¥5°1-

00+30000°0

00430000°0

004300000

0043000070

004300099

00430000°0

{04301000°C
90439892278
96+3:895°)

95030888 °L-

00430000°0

00+30000°0

004300000

00430000°0

90439892272

S0+325609°1-

1) 1243

9Se3604%°y

95430228 ‘2

95436099°y-

0043000070

004300000

00430000°0

00430000°0

00+30000°0
004300000

SSevinL L

gse3vzes -

95+31908°1
9543028272
§6432062°1
5432159
004300000

00430000 °0

00+30000°0

00430020°0

95e30218°0

95+36949°9-

9543646277

9S+30999°¢

$5432168°9-

5439061 °2-

00430000°0

00+30900°0

00+30000°0

00430000 °0

0043000070

0043000070

SS+3L06L°

S43CI5

§5436961°¢

$S4302C1°9

$5432498°2

i5e38581°¢

RIYIUH SSINISILS

00430000°0

004300000

00+32300°0

004300000

154321509

5439651 "2~

¥5439281°9

(112 734

£6+38681°¢-

26438658 °

00430000°0

0043000070

6043099070

00430000°0

00430000

00+3:000°0

¥530498°C

26+30681°% -

SIS

£6+38581°S

004300000

004309000

00+30000°0

00+430000°0

004300000

00+30000°0

16+38581°¢

254386552~

£5+38581°;

154386507

SW

s

W

N
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KNOWN VALUES: § OF SYSTEM BLOCKS = 55

0= -1000 1bs
M= QleLiel2nIng = -61000 INeLBS
Q23N =@3:+M3=M=04:2015 ]

[ ) 1000 ibs
9l s thiz - ¢

SOLVED UNKNOWS:

022 0.B957634E-49 in

th2 3.3133371€-50 rad

-81 -0
93 7.03357S1E-49 in -1267750 4048000
th3 3.7938678E-50 rad
T E5I5EE-2Y ;- SR -108I5I00)
v D.86450408-50 rao
a5 D.02424948 1n ~699.99995997 -27000

thS 0.0013471892 rad

¥ (BEND HORIZ: FOR | KEEL EDCr =

1,3487784E+48 KPS/ IN

MATRIY THEDK:

e = S15A0L g0
n o= -61000, (000
@2 = 3,098
LY 0,250
PRI

LM 20606
U SIDAN
LI PR
@ 1090, 0500
K = 0.00C6

TOTAL KEEL BLOCK HORTZONTAL STIFFNESS COEFFICIENT CALCULATION:
SYSTEN 86 1° RUBBER CAP W/ [SOLATORS

Khi (SIDEBLOCK WORIIONTAL STIFFNESS! = P/(BENDING DISPL + SHEAR DISPLACEMENT)

e : 3,36 KIPS/IN {PER 8LOCK
183,00
Khe : 184,59 KIPS/IN (ENTIRE KEEL BLOCK SYSTEW)
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(T-TRr-ii

n{®IZONTAL 3TIFFMESS MATRIX FOR & LAYEKS L% AURBER (aF £
$ITH ISOLATORS

SYSTER 36 K

THIS 1S 4 SiCE BLOTK SYSTEM FOR HULL 6!& Wit § FT BUILDVP

14 FOOY ZENTERS

TLEMENT Bt CONCRETE
DEPTH TRANSVERSE HEIBHT
3 81 H1 It !
iPS) i NI (I8 (I
4000000 48 2 296352 48
LZELALT SR (eI XU
128625020 1087000000 98784000000 49392000000
RIAIDITY {4 SHEAR ELEMENT
sir CONTALT STRAIN SHEAR
B3 AREA {INSIN) DEFLECTION
(N2 (N
GGH 2006 G.0G0ECHI08T  0.0000099206
ELEMENT 0 2 DIS ISOLATOR
DEPTH TRANSVERSE HEIGHT
£2 B? H2 12 L2
iPSI 0N BL] (- (i
873 23.4 297 51086.24235 19
1LY SEUTN? dE2TN A22N2
TRICA. 628178 TA2943.96769  9410627.5508  4705311.7954
RIGIDITY T0P SHEAR ELEMENT
slr CONTACT STRAIN SHEAR
(PSH AREA i ID DEFLECTION
(N2 (i
33 465,420 L CITAIN087 6 MAGTASeS]T
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ELEMENT & 3 DOUBLAS FIR
DEPTH TRANSVERSE Kelod?
M [ HI o L3
L (iN (N N4 3t ]
il 12 N 13828 2
L 3137184 EUINT
LOASERS 1I1T4E09
RIGIDITY ToP SHEAR ELEMENT
Gir CONTALY STRAIN SrEaR
F30 AREA VNN DzFLECTION
LIN'TE NG
8807 268 0.0005101012  0.0010202023
ELEMENT # & RUBBER
DEPTH TRANSVERSE HEIGHT
1} B e 14 L3
PShH (i 1) {ING) (I
92 1< K 11924 b
O X 1 L 3 IR ) LZH ¥R UYL
T.6184E+05 2.2856€+04 9. (425600 IR H U
RIGITITY 1 CHEAR ELENENT
Bir CoNTaLT STRAIN SHEAR T0TAL
U331 AREA {(INING DEFLECTION SHEAR
(43 M) im DEFLECTION (IW)
1 288 0.0103S56924  0.062124154) 5.0951€-01
272
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43 9003022018

gb 90¢3/5582°-
TR N
¥ 9013455822
£43 0043000070
€0 0043000070
243 0093000070
b 00+30000°0
143 90¢30000°0

18 000300000

90434568072

§0+395819°¢L

90+3£6580°L-

$0+3968197¢-

004300000

00+30090°0

004300000

0043000070

004300009

0t 30000 °0

90434114570

03870671

gesdrcincl

9643900070

00#30006°¢

0G+35000°¢

Loed o0ty

90434658070

SLe3¥5RI9 7L -

4380861

8043894471

se319:8°1-

19601

0Q0+30020°0

0043000070

0043400070

0033000

0143000070

Loe300us

$043011°8

6043192871

s0+3IM97L

L0+35L8°1

GGy

LR 114 M4

0943000070

0t JEOED 9

00+30000°0

G 00C 0

(RIS 73381

604319¢6°1-

8043:5(8°1
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PG00 (-
g0 3ot

Gy e np

crsdegtn

g3yt Ty

0043909070

Que3oriTy
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MeIalBT
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LTS IEEI

0043500070
ygs dol T

ety

LUL

O Iy "0

ATENN

FURE U

01+ 3988
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[IRRE: 1Y

e 3eeue 0
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e oo

Wy

ge 38"

8043172071

604308y "<

80+3.98C°1
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3]

KNG¥N VALUES: § OF SYSTEM BLOCKS =
@ - -1300 1bs

LHEN IR W -75000 IN#LBS

02:=m =0 =M =m:0=0 0

05 1300 1bs

al = thi= 0

SOLVED UNKNOKNS:
q2=  0,0000573772 1n
th2 0.0000020651 rad

-B1 -82
£.083548299 10 ~1006,01829834  -27042.032332

>

th3  0.007440487 rad

SUTRIIIETLG iedTI00Ete

B R LR 1

a5 QL IAEIMILNE an -92027. 411438 -253112,2165¢

thS CLO0B73Ta8! rad

fOBEND ADIDL FOR L OSI0E BLOCK = 10158, 4CEI9ST (tsitn
¥ CBEND MOTIIVOALL SIDT BLOCKS = 294594.417:: lbe.gn 34,5544 Ta6 KIFS/IN
WATRIL CHEZY:

= =158, 968

N ST

i = 3, vy

L 0,057

Wiz )

* oz e

gt - 0, 5000

o= Ry

e = 1000, 6000

L 0. 0000

TOTAL SIDE BLOCX HORIZONTAL STIFFNESS COEFFiCIEWT CALCULATION:
SYSTEM B 1"RUBBER CAP W/ ISOLATORS «U

xrs ISIDEBLOCY HORIZONTAL STiTFNESS) = 7/(EENCING DISPL + SHEAR DISPLACEMENT)

khg z 1,52 KIPS/IN (PER BLICK)
.0
Yhe H 44,08 XIPS/iN (ENTIRE SIDE BLOCK SYSTEM
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Required Isclator Characteristics
Spreadsheet . . .

tes 9.5E756 N

¥l 2 V3T KGPS/IN
Keef = 25 KIPS/IN
P §2.25 ¥IPS

LRI 195 KIPS
DINENSI2NS: 12048279 INCHES
EQUIVALENT REQ'D ISOLATOR KhK T574¢s
EQUIVALENT KHK PER ISOLATOR =
EQUTVA.ENT S50 D ISDLATIR KKMP TR
EGUIVALENT 1155 FER IS0LATOR =

KW s ZS66.58 KIPS/IN

MELRS = 1S3 NIBS

TTUIVELENT HEL L ISQOATCR ke TX7Acs

-
“

EQUIVALENT VUK FER 1S2LATD

-

—

144,72 KIPS/IN
2,83 KIPS/IN
20,4 KIPS/IN

6,37 KiPS/IN

1169 KIPSIIN

L2SKIFS/IN

TITAL FOR ONE SILE JF SID€ %.00s ISTLATGRD 29 BLOTKSY:

tel = 0.41979 (N

KHS = 37 KIPS/iN
KSHP = & KIPS/IN
Q02 = 92.25 «iPS
MAL R2 = 36 X1PS
DIMENSIONS: 24x20x20 INCHES

EQUIVALENT REG D ISGLATOR KKS TCTAL=

EGUIVALENT KNS PER [SOLATOK =
CQUIVALENT REG D ISOLATOR KSHP T0T=
ECUIVALENT ¥5HP PER ISOLATOR =

KvS = 4554.23 KIPS/IN

275

59.71 KIPS/IN
2.06 XIPS/IN
9.38 KiPS/IN

0.32 KIPS/IN
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2.

3.

4.

APPENDIX 6

“3DOFRUB" Wale Shore (EL Centro)

Input Data File
“3DOFRUB" Wale Shore (EL Centro)

Output File
“3DOFRUB" Wale Shore (NORM DD2)

Output File
Wale Shore Design Spreadsheet
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“3DOFRUB" Wale Shore (EL Centro)
Input Data File . . « &+ « & s

essSHIF "SUE DE1DOCH ELOCKING SYSTEMsas  [oTH FILE: P:STIWE.DAT

SHIF NAME:
DISCRIFTION
DISCRIFTION
FT SFACING
DISCRIFTION
DISCRIFTION
LOCATION OF

#ee I1RUT FILE [ATHses

LAFAYETTE SSEN kl&
OF ISOLATORS IF USED: 1" RUBBER CAF
OF BUILDUF:
COMFOSITE CAF ANL FIERS RIGIDLY ATTACHED TO GROUNLD
OF WALE SHORES USEL: WALE SHORE DESIGN
OF DAMFING: S % DAMFING
DRYDOCE BEING STUDIED: NO SPECIFIC LOCATION

NAVSEA [IOCKING DRAWING NUMEER: S45-200££40
REFERENCE SFREADSHEET STIFFNESS CALC FILE NAME: SYSTEM 12

MISC. COMMENTS: STIWS.LAT

SHIF WEIGHT (KIFS)

1955 1S FER 88

W= 163€9.9

HEIGHT OF KG (IN) H= 132
MOMENT OF INERTIA (KIFS#IN#SEC"2) Ik= 2410451
SIDE FIER VERTICAL STIFFNESS (KIFS/IN) Kve= 4554 .23
SIDE FIER VERTICAL FLASTIC STIFFNESS (KIFS/IN) kKvsp= 75%52.4
FEEL FIER VERTICAL STIFFNESS (KIFS/IN) kVk= 25286 .68

FEEL FIER VERTICAL FLASTIC STIFFNESS(KIFS/IN) EVEF= 37857.7%
HEIGHT QF WALE SHORES (IN) AARA= 193
WALE SHORE STIFFNESS (EIFS/IN) k8= €000
SIDE FIER HORIZONTAL STIFFNESS (KIFS/IN) kHS= 4%83.7%
FEEL FIER HORIZONTAL STIFFNESS (KIFS/IN) kRE= 18215.1
SIDE FIER MORIZONTAL FLASTIC STIFFNESS(KIPS/IN) KSHP= 4522.79
FEEL FIER HORIZONTAL FLASTIC STIFFNESS(KIFS/IN) KkHWF= 1821S.1
RESTORING FORCE AT O DEFLECT KEEL HORIZ (KIFPS) QDi= O
RESTORING FORCE AT O DLEFLECT SIDE HORIZ (K1IFS) QD= ¢
RESTORING FORCE AT O DEFLECT SIDE VERT (KIPS) OD3=-543.44
RESTORING FORCE AT O DEFLECT KEEL VERT (KIFS) QD4=-2734.11

GRAVITATIONAL CONSTANT (IN/SEC"2)

Iire B_ICN WIDTe IS Cia= 2
VER L BFLOCH WilT—  IN)D [
SiLE BELICH HEIG-T -« Iny Cin= 7<
vEEL BELOCH SEIZAT (I b EH=E £
pLOTH ON BLOCH FRICTION COEFFICIENT Ji= 3
RULL ON FLOCH FRICTION COEFFICIENT e= 7%
SIDE FIER TO SIDE FIER TRAMSVERSE DISTANCE (It BR= 144
S JUE FIER CAF FROFORTIONAL LIMIT SCFL= .7
FEEL FIER CAF FPROFORTIONAL LIMIT FCFRL= .7

TO;QL SIDE FIER CONTACT AREA (ONE SIDE) (IN'2) SAREA= E3%&8

TOTAL LEEL FIER CONTACT AREA (IN 2) KAREA= 55440

FERCENT CRITICAL DAMFING JETA= LOS

HULL NUMBER (XXXX: HULL= 1%

SYSTEM NUMEBER (xxX) NS, o= ]

CAF ANGLE (RALD) BETA= .377
277

GRAV= 38% .09




“3DOFRUB" Wale Shore (EL Centro)
Output Fl le o [ * * ® L ] [ ] * L ] L ]

sosset Socten S1 Fses

se Hull &1 #s

# Ship Farameters #«

ight Moment of Inertia F.G.
.3 Lips 2410451 .,0 kips-1n-secd 1393.0 1ns

We
26

1e

®* Drydock Farameters #

Side Block Height Side Elock Width reel Block Height Feel Block Width
7.0 1ins I¥I,0 ins £1.0 1ns I99.0 ins

Side-to-Side Fier Distance Wale Shore Ht. Wale Shore Stiffness_ Cap Angle

144 .0 1ns 193.0 ins 6000.0 kips/fn .377 rad
1Side Side Fier Contact Area Total Feel FPier Contact Area kkhp
£3%2.0 1n2 £95440,0 1n2 1821S.1 kips/in
E/B Fraction Coeff H/B Friction Coe+¥# kshp kvsp
9,000 .7%0 4%522.% kips/in 79%2.4 kips/in
Side Fier Fail Stress Limit ¥eel Fier Fail Stress Limit kvkp
L7000 baips/ing . 700 kips/in2 378%7.8 kips/in

Side Fier Vertical Stiffness Side Fier Horizontal Stiffness
4554 .2 rips/in 4%23.2 k1ips/in

teel Fier Vertical Stiffness t'eel Fier Horizontal Stiffness

292%%.7 ki1psjin. 12219.1 k1ps/in
oo cre apz QD4
RO SY-T 0 k1ps -€4%.4 Lips -2724.1 k1iDs

# System Farameters and Inputs #
Earthquate Used 1s 1940 EL CENTRO
Hori1zontal acceleration 1nput 1s HORIZONTAL

Vertical acceleration i1nput 1s
Earthquake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment
1,000 010 sec

Gravitational Constant % System Damping
38%.0% 1n/sec? S.00 %

Mass Matrix

42 .293%2 Nl 81822.0420
L0000 42 .2992 L0000
2182.0420 LO000 2410451 ,0000

Damping Matrix

112..209 LOO00 12€64 ,9077

LOO00 120.7€12 L0000

12244 AN O TTUQtea f1AR
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Stifftness Mav-y

L 000 2444345, 3200
a3 35,1400 L OO0
OO0 430ZCTIEELELLL

Undamped Natural Frequencies Mode #1 Mode #2 Mode #3
13.912 rad/sec 44.21¢ rad/sec 2B.482 rad/sec
Lamped Natural Freguencies Mode #1 Mode #2 Mode #3

13.89% rad/sec 44.16% rad/sec 28.44¢6 rad/sec

For Earthquake Acceleration of 100.00 % of the 1940 EL CENTRO

Ma:ximums/Fallures X (ins) Y (ins) Theta (rads) Time (sec)
Ma:cimum X -.130291 S5.5%
Max:imum Y ~ . 292934 S.24
Ma:imum Rotation -.004427 %.42

Side block sliding 185743 L0B31E3 -.004123 $.40

Side block overturning 1857432 084165 - 00413 G.40

Side block liftof¥f -.03077¢ .141339 003411 S.2e

For Earthquale Acceleration of 20,00 % of the 1940 EL CENTRO

Maimums/Failures X (i1ng) Y (ins) Theta (rads) Time (gec)
Ma<imum X -.17018¢ 5.59
Ma-1mum Y ~.e2763% .2
Ma- 1mum Rotation -.003984 S.42

Side block liftoff .164073 131310 -.003910 .41

For Earthquate Acceleration of &0.00 % of the 1340 EL CENTRO

Ma=imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Ma~imum X -. 150553 $.59
Ma-1mum Y -.202158 S$.24
Ma-imum Rotation -.002%528 5.42

Side block liftoff 130779 .15310% -.003588 S.42

For Earthauake Acceleration of 70.00 % of the 1940 EL CENTRO

r' Ma<1mums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Ma. imum X ~.1228082 %5.99
Mazimum Y -.18190¢ .24
Ma-imum Rotation -.002984 %.42

k No failures occurred.
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For Eartnauare Acceier alion of 73,000 % OF

M3 1mums/Fasluress X fingy v o (1ns:
Ma 1mum ¥ -.1435%3
Ma-.ymum Y - 200613
Ma:1mum Rotation

Side block liftofé 129128 151192

For Earthquaike Acceleration of 78.00 % of

Max<imums/Failures X (ins) Y (ins)
Maimum X = 14&3560
Max<imum Y -.19822e
Ma:i1mum Rotation
Side block liftoff 1273544 143438

For Earthquake Acceleration of 77.00 % of

Ma<imums/Failures X (1ns) Y (ins)
Maximum X -.144471

Maximum Y -.19%E381
Ma:ximum Rotation

Si1de block liftof+f . 125900 14752

For Earthquake Acceleration of 7:.00 % of

Ma-imums/Failures X (ins) Y (ins)
Ma<imum X ~.141428%
Maimum Y -.1332812
Ma<imum Rotation
Side block liftof¥f .124888 .146568

For Earthquake Acceleration of 7%5.00 % o+

Maximums/Failures X (ins) Y (ins)
Maximum X ~.129%5%2
Ma<imum Y -.1912¢2
Ma~imum Rotation
Side block sliding 123237 .144€40
Side block overturning 122227 1445480
Side block liftof¥ . 102642 JJE1626
280

tne 1ado EL CENTRG

(sec)

(sec)

Theta (rads) Time
""""""""" s.s2
S.24
-.003482 5.42
-.0032483 S.42
the 1940 EL CENTRQO
Theta (rads) Taime
S.99
5.24
~.0034332 S.42
-.003432 $.42
the 1340 EL CENTRO
Theta (rads) Time
5.59
S.2
-. 002389 S.42
-. 002389 S.42
the 13940 EL CENTRO
Theta (rads) Time
o S.99
T.24
-.003322 .42
-.003232 5.42

the 1940 EL CENTRO

Theta (rads)

Time (sec)

-.003288
-.002288
-.0032288
-. 00381

S.59
T.24
S.42
S.42
5.42

S.42

B




AN R S R

For Earthquake Acceleration of 74.00 % of

Ma 1mum A

Ma-1mum v

Ma 1mum Fotation

Side block =zliding
Sid2 block overtuwrning B ]
Side block 1i1ftof+ L101108 1801466

For Earthquake Acceleration of 72.00 % of

Ma-1mums/Failures X (1ns) Y (ins)
Ma-1mum X -.134143

Ma-imum Y -.187440
Ma~<imum Rotaticn

Side block sliding L7464 157809

Side block overturning 03744 157209

For Earthquake Acceleration of 72.00 % of

Ma:-imums/Failures X (1n3) Y (ins)
Ma-imum X -.121683
Ma-1mum Y -. 1836426

Ma. 1mum Rotation

No failures occurred.
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the

the

the

1340 EL CENTRO

- QO30
-,00218¢

1940 EL CENTRO

Theta (rads)

Time (sec)

-.00313¢
=.003107
-.003107

1940 EL CENTRO

Theta (rads)

——— e - ———

-. 0032082

5.59
5.24
5.42
5.43
S5.43

Time

S5

S.24

S.42

(sec)

-




"3DOFRUB" Wale Shore (NORM DD2)
Output File . . . . , .

ssse System S§ «erw

e MHull £1c &=

# Ship Farameters &
Weight Moment of lnertia K.G.
163e3.9 kips 24104%1 .0 kips—-in-secd 192.0 ins
¢ Drydock Farameters

Side Rlock Height Side Rlock Width Keel Block Height Keel Block Width

7%5.0 ins 39,0 ins £1.0 ins 999.0 ins
Side-to-Side Fier Distance Wale Shore Ht. jale Shore Stiffness Cap Angle
144 .0 ins 193.0 ins 6000.0 kips/in .377 rad
1Side Side Fier Contact Area Total keel Fier Contact Aren kb by
83%2.0 1n2 55440.0 in2 18215.1 kips/in
B/R Friction Coeff H/B Friction Coe+f# kshp kvsgs
9.000 L7950 4523.8 kips/in 7552.4 kips/in
Side Fier Fail Stress Limit Keel Fier Fail Stress Limit kvkp
700 kips/ing .700 kips/ing 37857.2 kips/in
Side Pier Vertical Stiffness Side Fier Hovizuntal Stadine
4554 .2 Fips/an 4523.2 kips/in
Keel Pier Vertical Stiffness eel Fier Horizontal Stiffness
e%2ck .7 kips/in 18215.1 kips/in
eo1 (W a4 on3 eDna
.0 kips O kips ~545.4 kips -2734.1 kips

# System Farameters and Inputs #
Earthquake Used is | OCT 27 WHITTIER # 10,94
Horizontal acceleration input is LENSY DD@ TRANSVERSE COMFONENT

Vertical acceleration input is LBNSY DD2 _VERTICAL COMPONENT

Earthquake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment
1,000 010 sec

Gravitational Constant % System Damping
386.0% in/sec? S.00 %

Mass Matrix

42,3932 L QOG0 B2 .04
0000 42.37332 Q000
8183.0420 L0000 2410451 .0006¢0

Damping Matrix

112.€209 L0000 128€.4.9077

L0000 120.7&12 0000

12864 ,9077 LOOO0 238204 .2143
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33382 .£500 R ©5 . e
L0000 3433%.1400 LOO0
2444346 .1200 L0000 GRS RS
Undamped Natural Frequencies Mode #1 Mode #2 Mode #3
12,212 rad/st. Q70,210 rart'. Piill
Damped Natural Fregquencies Mode #1 Mode #2 Mode #2
12.8%% rad/sec Q4.1 rad/s:.  PR.4NL rail ‘san

For Earthquake Acceleration of 100.00 % of the 1 OCT 87 WHITTIER * 10.94

Maimums/Failures X (ing) Y (ins) Theta (race) Time (e
Maximum X .14£279 4.1
Maximum Y .141489 4.44
Maximum Rotation LO0E7 0 7.8

Side block sliding -.10E318 01861 .Q0%081 8.27.

Side block overturning -.10:816 L018¢£1 005081 8.2

Side block li1ftoff .10183% 008066 ~.00%5242 7.57

Side block crushing -.12¢7€4 .01834¢ LQO0E7 /0 7 &

For Earthgquake Acceleration of 90.00 % of the 1 OCT 87 WHITTIER & 10.94

Maximums/Failures X (ing) Y (ire) Thet .« v .tvt Taiae
Maimum X .132140 q.2°
Ma<imum Y o - .127431 4.44
Maximum Rotation L0607 7.8%

Side block sliding .110279 0173975 -.0050%4 7.59

Side block overturning 110379 L01797% - 00S0%4 7.%9

Side block liftoff L103161 021440 -.005097 7.60

For Earthquake Acceleration of 80.00 % of the 1 OCT 87 WHITIIER & 10,94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)
Max1mum X 118111 4.21
Maximum Y .113238% a.44
Maximum Rotation 005243 7.85

Side block sliding - . 033814 024724 0049832 7.82

Side block overturning -,093814 024784 .004983 7.82

Side block liftoff -.102702 02521 005138 7.8

For Earthquake Acceleration of 70.00 % of the 1 OCT 87 WHITTIER ®» 10.94

Maximums/Failures X (ins) Y (ing) Thetle (red  Tiae o)
Ma<imum X 103739 q.21
Ma-cimom Y LORFP20 a.44

Ho fz1lures sczurred.
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e

For Earthquake Acceleration of 75,00 % of the 1| OCT 87 WHITTIER % 10.54

Ma:imums/Failures X (ins)
Maximum X 1163810
Mazimum Y
Maximum Rotation

Side block sliding ~ 099938
Side block overturning -.099338
Side block liftoff ~.10142%

Y (ins) Theta (rads) Time (sec)

4.21

111376 Q.44
005282 7.85

007420 L0054 7.8¢.
007420 .005234 7.86
O L0 E T 7.8

--—

For Earthquake Acceleration of 78.00 % of the 1 OCT 87 WHITTIER » 10.94

Maamums/Failures X (ins)

Maximum X 115422
Maximum Y
Maximum Rotation

Side block liftoff -.100145

For Earthquake Acceleration of

Ma:i1mums/Failures X (ins)
Maimum X 114072
Maximum Y
Maximum Rotaticn

Side block stiding - . 058869

Si1de block overturning —.0383863

Side block liftoff ~ JOFTOBE

For Earthquake Acceleration of

Maximums/Faillures X (ins)
Ma.imum X 11259
Maximum Y
Max<imum Rotation

Side block sliding -.097927

Side block overturning =-.0373%27

For Earthquake Acceleration of

Maximums/Failures X (ins)

Maximum X 111111
Maimoim Y

Y (1ns) Thete (redh ) Tame s}
4.21
110565 4.44
005216 7.8%
022322 005062 7.82

27.00 % of the 1 OCT &7/ WH11IlkR ¥ 10.34%

Y (ins) Theta (rads) Time (sec)
4.21
a3 5e 4.44
005150 7.8%5
.022E.29 004307 7.8
0226393 0043897 7.83
013275 00511 7.84

76.00 % of the 1 OCT 87 WHITTIER # 10.94

Y (ins) Theta (rads) Time (sel)
Q.21
.10773S q.44
LSOO 7.B%
L0139054 Q08051 7.84
L0 13054 LOOS Y 7.84

75.00 % of the 1 OCT 87 WHITTIER # 10.34

Y (ins) Theta (rads) Time (sec)
4.21
JA0RRY7 Q.44
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Wale Shore Design Spreadsheéet
GERTICZL IVIFTNEIS 121 ATIOND 1P elf 1-TR
5 Mol TRE eld LDOINS PLAN N 2 T-lTendr
SYSTE™ ¢ 5 ad.f HOKES CRIGINAL DOCHING DRANING
RUBFER CAP £2
BLOCK SPA 8.00 FEET LBNSY 002

27014 WF 42,68
VERTICAL STIFFNESS:

e

PIER
LEVEL MATERIAL  E  LENGTH  WIDTH HELGHT K K TaTAL K
' BSH N (m {M XIPS/IN) {KIPS/IN)
St e
) M) L
{ RUBBER w1990 1290 1,00 1760.50  0.0005680  437.51
2 RUBBER w6 17,00 2.5 0020 0.001420
T STERL g 1°.5 O.50 29530000.05 0000063
b STEEL  leestede 150 12,59 800 eI 0.0002675
15,00
' TOTAL STIFFNESS
WALE SHORES " OF BLOCK SYSTEN
PLATE AREE < B e (KIPS/ 1N}
TR S0 LES SHIRE WY (TNG;: 146 B125.17
IR 5,138 INS £1 CTIFFNESS = 11,15 KIPS/IN
vaY THETA 5,7570820 KADS 1EL FGR0E: 18,91 K198 - HICH
KT 6§ = 19350 INS IEL = 0.36 INS
T PRINE = 0.57 IN§ JACK DISPL = 0.57 INS
QUAKE  FONCE = 249,38 K16§ JACK FORCE = 138,79 LIPS = 51,9
TOTAL  FORCE = 188,17 KIPS
1P cTeESS = *§7.% B51
BEAN  STRESS = 9094.8¢ P51
SIGNA  YIELD = 33600, 20 P51 MILD STEEL
: 2258 s
AHO = 3.0 INS
e = 181,90 INS SINPLY SUPPORTED POPOV P 557,531
LerkKg = 1.3
SiEmA W7 - 92,00 #Pa FI6 11,13 SHIP STRUCTURAL DESIGN P 338
: 13486.5¢ P51
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